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frontages to the weight of 600,000 tons of badly 
needed iron scrap (and incidentally to the 
enhanced aesthetic appearance of many gardens 
and streets). Yet increased home production 
was not all gain to the raw materials programme. 
In order to maintain tiie increase in food pro- 
duction British farmers were supplied during 
the war with more than twice the quantity of 
fertilizers used in pre-war days,- calling for over 
one million tons of shipping a year. 

How could domestic consumption be reduced ? 
Thinking on this problem in 1939 had made 
little advance since 1918, The producer wanted 
to know the answer to two questions about the 
raw materials he needed : “ I Iow much ? ’* and 
“ How soon ? ” The first is a question of quantity, 
which is settled by “ allocation ” ; the second 
a question of time, which is settled by “ priorities.” 
But in the first year of the war the allocation 
system was rudimentar)’ and unreal (statistics 
were non-existent for many materials) and gave 
little help in solving the day-to-day problems 
of administration. 


On the other hand, the priorities .system lc( 
to an avalanche of certificates, all of the highes 
priority, from competing departments. Perhap 
the diflcrcncc between allocation and priorit; 
was revealed in its acutest form in the struggli 
between aircraft and tanks and guns for droj 
forgings. While the total amount for each us( 
over a year was relatively ca.sy to settle, th( 
difficulty came when Lord Beaverbrook demandet 
that the prior needs of aircraft for the Battle o 
Britain must be fulfilled before other require 
ments were entertained. Once the course of th( 
war allowed this dilemma to be resolved, th( 
system of control continually developed thi 
.system of allocation, and in 1941 raw material: 
were c.xcludcd from the field of priorities. Witl 
increasingly reliable figures of stocks anc 
increasingly more detailed analysis of the end 
uses for which materials were used (the resul 
of innumerable forms, of which the purpose 
must often have seemed obscure or senseles: 
to the filler-in). It became po.ssible to determine 
departmental allocations on a quarterly bash 



An instance of the methods 
employed in dealing with scrap 
metal for use in making arma- 
ments. A huge electromagnet 
is seen picking up steel scrap 
and pig-iron, and loading it into 
trucks. 
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cious demands of war production, led to syste- 
matic international organization. It is significant 
that the British Commonwealth was the main 
source of supply of two-thirds of the materials 
it was necessary to allocate. 

Over and above shortage of supply at the source 
shortage of shipping was for months and years 
the dominating theme in control in Britain. 
Before the war imports of raw materials into 
Britain amounted to an average of nearly 

2,500,000 tons a month. For four consecutive 
months during the Battle of the Atlantic — that 
desperately drawn out struggle between shipping 
losses and the expansion of American shipbuild- 
ing — ^raw material imports were at an average 
level of under 600,000 tons a month, and this at 
a time when British war production was reach- 
ing its crest. 

Thus the British “ Import Programme ” was 
a major piece of planning and control. Shared in 
effect in about equal halves by the Ministry of 
Food and the Raw Materials Department, the 
programme had to take into account every 
strategic flow and eddy of the war and in its 
turn affected British policy in the use of every 


material. With so little coming in there was no 
room for anything that could conceivably be 
regarded as unesseniial for the winning of the war. 

Only in a limited sphere could Britain replace 
imports by amplifying home resources. The pro- 
duction of flax and tow in the British Isles was 
pushed up from 5,000 tons pre-war to over 

40.000 tons. The mining of home iron ore was 
stepped up from some 11,000,000 tons in 1938 to 

19.500.000 tons in 1942, involving great changes 
in the internal transport and operating conditions 
of the entire steel industry. More desperate was 
the search for home-grown timber, of which pro- 
duction in 1943 at 3,800,000 tons was eight times 
larger than pre-war. The end of the second war in 
Europe found Britain with two-thirds of its total 
pre-war stand of commercial softwood felled. 

Another form of home production was the 
intensive salvaging of commodities. It was 
made illegal to throw away even a bus ticket, 
and up to VE Day 4,200,000 tons of waste paper 
had been delivered to paper mills for repulping. 
Rubber was reclaimed from tyres, tins were 
pressed and detinned, iron railings were requisi- 
tioned alike from public parks and private 



A grab crane handling a large consignment of waste metal at a British steel works where some of the country’s huge 
collection of scrap was melted down and made available for use again. 
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phthalate (well known in the plastics industry 
for many years) will keep mosquitoes from biting 
men, has had even greater impact on everyday 
life. The pooled resources of Britain and the 
United States are still unable to meet all demands 
for dimethyl phthalate and the materials — 
especially phthalic anhydride and naphthalene — 
of which it is made. It is a commentary on the 
conditions of total war and on the complexity 
of raw material administration in war-time that 
because men are fighting in malaria-infested 
regions, the manufacture of the highest class of 
paint should be impossible in England and the 
English housewife should find difficulty in 
obtaining good quality hair combs or sufficient 
fire lighters or mothballs. 
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SALVAGE OF WASTE 
MATERIALS 

D uring the period or the European war, 
one of the most acute and difficult of 
our national problems was the shortage 
of raw materials needed for essential supplies. 
Thanks to the -technical research, ingenuity, and 
enterprise of British industiy, an important con- 
tribution was made to the solution of this pro- 
blem by the utilization of waste. 

A special Industrial Salvage Group Scheme 
was inaugurated in the latter part of 1942 by 
the Ministry of Supply. Under this scheme, 
the industrial enterprises of a given area could 
form themselves into a group for the purpose of 
promoting the recovers- of their waste arisings 
and putting them to best use. 

.Although under no kind of obligation to 


participate in the scheme, firms to the number of 
about 10,000 did so cooperate, and 300 groups 
were formed. 

The members of each group pooled and inter- 
changed their ideas and the results of their 
research. They made known their individual 
shortages, and it often happened that the waste 
materials of one industry provided the raw 
materials urgently needed by another. 

If a firm has a waste material for which neither 
the firm nor the group knows of a suitable use, 
the problem is referred by the secretary of the 
group to the Ministry of Supply. Thereupon 
inquiries are made as to the probable amount 
of the waste material forthcoming ; such matters 
as the method of collection, transport, labour, 
and breaking down are considered ; and advice 
is sought of the Department of Scientific Re- 
search and of any Control that might be interested. 
In this way, the resources of Government Depart- 
ments and of their associated orgaruzations are 
mobilized ; State and industiy work together 
for their mutual advantage. 

The groups are subjected to no official control. 
Although the scheme is sponsored by the Ministry 
of Supply and receives its energetic assistance and 
support, the groups are self-governing. They 
are an activity of industry itself. 

Many striking and even romantic examples 
of the utilization of waste can be adduced. A 
public utility concern had thousands of tons of 
coal-dust for which no use had been found. 
Within a month of joining the group, the concern 
w'as disposing of the coal-dust to another firm 
that used it for heating boilers. 

Waste gelatin and darriaged cereals (unfit for 
human or animal consumption) have been used 
as substitutes for* dextrine and starch in the manu- 
facture of foundry core compounds. Old railway 
carriage blinds, woven from linen and horse- 
hair, were converted into engineers’ dusting 
brushes. Residues from dry-cleaning stills have 
been treated and used as Diesel fuel. 

The fluff-like cotton waste arising from the 
manufacture of khaki-web equipment is used by 
another firm for making upholstery in the seats 
of aircraft. Bean-husks that accumulate in a 
workers’ canteen have been taken by another 
firm for the packing of delicate instruments. 

Waste liquors from aircraft factories, instead 
of polluting rivers, arc drawai off by a power 
pump into a visiting tanker, arc scientifically 
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for the more important materials. Allocation 
being determined, it became the task of each 
■department to allot its own allocation, while 
in other cases the Controls used the licensing 
system to eliminate many types of use and to 
save material for more urgent requirements. 

In addition to developing an unprecedented 
degree of detailed control of import, acquisition 
and use of all raw materials, the Raw Materials 
Department of the Ministry of Supply also 
became a gigantic trading department. Up to 
the end of the first quarter of 1945 the Raw 
Materials Department had procured on Govern- 
ment account raw materials amounting to over 
£2,100,000,000 in value. This development of 
“ nationalization of the means of production ” 
on an unforeseen scale was forced by four 
main factors : the convenience of bulk buying 
as a means of preventing runaway prices in a 
seller’s market ; the need to have the right goods 
at the right port at the right time for shipment 
on a planned minimum import programme ; 
the difficulty of distributing lend-lease supplies 
(which by American legislation had to be handled 
governmentally) in competition with imports 
on private account ; and the greater control of 
where and when and how the materials should 
be used that was given by public ownership. 

In fact, the Supply Departments, during the 
European war, succeeded in using all the forces 
of individual units of production and distribution 
through the system of Controls based upon the 
personnel of the industries concerned, and welding 
them into a comprehensive system in which the 
criterion universally accepted was how to win 
the war most quickly. Under such conditions 
State direction was not lacking in public enter- 
prise. There is space for only two of the lesser 
known illustrations out of the great number 
from every industry that could be cited. 

In 1939 Britain imported from France and 
Belgium 90 per cent, of the diamond dies through 
which fine wire is drawn. The methods of making 
these dies remained the jealously guarded secret of 
what was almost a cottage industry. This particu- 
larly applied to the finer dies required to draw 
the very fine filaments of lamps and valves so 
urgently required for aircraft, tanks, and radio. 
In these dies the hole to be drilled through a 
diamond (and subsequently highly polished) 
might have to be as minute as four ten- 
thousandths of an inch — i.e., one-sixth the 
diameter of a human hair. On the fall of France 
it was soon found that the United States would 
shortly be faced with the same problem as 


Britain. The immediate desperate stock position 
was saved by smuggling out of France supplies 
of dies. Many individuals were concerned whose 
names have remained anonymous, and many 
risks were run in acquiring vital dies from under 
the very noses of the Germans. 

At the same time with great speed a virtually 
new industry was built up in Britain. Each of the 
two existing die-makers in England was called 
upon to increase his production target by five 
times, and eight other wire-drawing firms (as 
well as a Ministry of Supply new plant) were 
helped to produce dies for themselves especially 
by an intensive trainee system. Working on the 
basis of original research by one of the great 
electrical companies a fine dies-drilling machine 
was developed. Repolishing capacity was also 
developed to reduce substantially the demand for 
new dies. By 1944 Britain was producing sufficient 
dies to meet both British and Empire demands 
in full and had notably helped the United States 
to become self-sufficient too. 

The other example of publicly directed private 
enterprise is taken from the chemical field. The 
onset of the Far East war revealed insecticides 
as a major munition of war. The United Nations 
lost the most important sources of natural 
insecticides — pyrethrum and derris — just as the 
need for them immensely increased. While 
strenuous efforts were made — in spite of chronic 
drought — to increase production of pyrethrum 
flowers in Kenya, the synthetic material which 
came to be known as D.D.T. was discovered 
almost simultaneously in the United Kingdom 
and the United States. The programme of inten- 
sive research undertaken had no precedent. 
Companies, Government departments, chemical 
warfare establishments, universities, hospitals, 
private soldiers in the army, were organized on 
both sides of the Atlantic in an intensive cam- 
paign to discover the potentialities of D.D.T., 
the best method of use, and the possible dangers 
to man while killing louse and mosquito. Even 
before the final verdict could be given on the 
material’s safety and efficacy, the first Ministry 
of Supply plant was approved in 1943 to meet 
what was then expected to be the country’s 
requirement of 100 tons a year. But as research 
progressed, this new material revolutionized 
ideas as to the extent to ■which an insecticide can 
reduce disease and make life bearable in equa- 
torial and semi-tropical countries. In 1945 
production in Britain is already exceeding 5,000 
tons a year. 

At the same time the discovery that dimethyl 
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with in other articles), and tlic control of the use 
of premises. 

Witliin the more essential civilian field produc- 
tion is planned and the types of goods which can 
be produced specified so as to permit cflective 
price control, to ensure an adequate production 
of the types of goods most required and to 
achieve economical production. For most goods 
prices arc controlled, so as to keep scarce goods 
within the reach of the general public and to 
prevent inflation. For clothing, as for food, fair 
shares to consumers arc achieved through ration- 
ing ; for furniture, as for motor-cars, petrol, 
tyres, building, and many classes of machincr>'. 
supplies arc reserved for priority users by one 
form or another of buying permit system. For 
some other household goods a degree of priority 
in securing supplies is secured to selected buyers 
who most need the goods by various diflcrcnt 
administrative devices. 

This degree of control, of course, developed 
gradually as more and more resources were 
needed for the war cfibrt and as the technique 
of control was improved. The first positive step 
in the Board of Trade for controlling production 
was taken in April, 1940, as part of the c.xport 


drive begun early in that year to help us to pay for 
our essential imports. Supplies of cotton, rayon, 
and linen goods to retailers for sale on the home 
market were limited by order to a quota of 75 
per cent, of the quantities so supplied by any 
manufacturer or wholesaler in a pre-war basic 
period. .Sales on Government contract or for 
export were e.xcmpt. In June, under the Limita- 
tion of .Supplies Order, a lower quota of 673 per 
cent, by value of sales in the basic period was 
applied to a wide range of consumer goods such 
as cutlcrj', potter}’, furniture, furs, and musical 
instruments. 

By this time it was clear that restriction of 
civilian trade was ncccssar}’ not only to force out 
exports but to release labour and capacity for the 
war eflbrt. The machincr}’ licensing system was 
therefore started. Manufacturers were prohibited 
from selling or buyers from acquiring machinery 
in 16 classes except under licence issued by the 
Board of Trade. This system, which set free 
engineering capacity for munitions production, 
was later extended to many further classes of 
m.achiner}'. 

By the autumn of 1940 it was once again clear 
that these measures were not sufficiently drastic. 
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The rationing of food soon 
followed the outbreak of war 
in 1939. Here is a page of one 
of the first ration books showing 
the tickets for bacon and ham. 
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treated and this converted into chrome sulphate 
for use in the tanning of leather for boots and 
shoes. 

Used photographic film yields important 
raw materials. The silver is recovered for 
instrument components, and the cellulose used 
again for making leathercloth, stiffenings for 
shoes, and as a substitute for rubber water- 
proofing. 

Sawdust is now employed in the production 
of phenolic plastics and resin board and as a 
fuel, and has further potentialities in the manu- 
facture of industrial alcohol, and of bricks and 
tiles. 

An exhibition, demonstrating these and many 
other utilizations of waste, and entitled “ Wealth 
from Waste ” has been shown in London and 
Glasgow. At the opening of the exhibition in 
London, Sir George Nelson, late president of the 
Federation of British Industries, stated that 
salvage must remain an established part of 
Britain’s industrial structure in the future. 
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CONTROL AND 
RATIONING 

T he controls exercised during the war by 
the Board of Trade over production 
and distribution are part of a dovetailing 
system designed to ensure that the available re- 
sources are applied first to war and other essential 
needs and to secure a fair distribution of avail- 
able supplies for the civil population. In condi- 
tions of scarcity it has been necessary to substi- 
tute deliberate state planning for the ordinary play 
of demand and supply. Resources have been 
diverted from peace to war purposes, through 
statutory control over the amount of many 
civilian products which can be bought or sold on 
the home market or exported (which severely 
limits output of the less essential products). 
This control is strengthened and supplemented by 
the allocation of raw materials, the control over 
the engagement or movement of labour (dealt 



Salvage of wastepaper has done much to make up for the absence of imported wood pulp. 
Feeding wastepaper into a breaker-beater, the first stage of reconverting it. 
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clothing, to develop a scheme for controlling 
distribution. Production was confined to utility 
furniture, and permits to obtain such furniture 
were limited to applicants in certain, priority 
classes, such as newly-weds, bombed-out persons, 
parents setting up house because they were, 
expecting children, and parents needing beds for 
growing children. It proved impossible to evolve 
a full control of distribution for other goods. 
For household goods, such as pots and pans, 
most consumers do not need a supply each year 
as they do of clothes. But some replacement is 
indispensable, as it is not for furniture. Various 
devices for securing priority for the more essential 
purchases were, however, worked out for a few 
products. 

Throughout this period, in order to secure the 
maximum impact for the invasion of Europe, 
labour and capacity were constantly being with- 
drawn from civilian industry for war purposes, 
and many materials were getting scarce. Man- 
power in textiles, clothing, and boots and shoes, 
taken together, was reduced by 38 per cent, 
between mid- 1939 and mid- 1944, and in other 
manufacturing civilian industries by 33 per cent. 
Of the reduced total a very large percentage 
(49 per cent, in textiles, 39 per cent, in clothing, 
20 per cent, in boots and shoes, and 79 per cent, 
in other manufactures in 1943) was employed on 
Government orders. 

In spite, therefore, of a reduction in exports 
to one-third of the pre-war volume, supplies of 
civilian goods on the domestic market fell very 
drastically indeed. The basic clothing ration has 
been reduced from 66 coupons annually to an 
annual rate of 48 for the first half of the ration- 
year 1944-45, and (for adults) to 41 fpr the 
second half. The 48-coupon clothing ration 
provides adults with only about half their pre- 
war consumption reckoned by quantity. Pur- 
chases for children have been reduced only by a 
small percentage and total supplies are perhaps 
60 per cent, pre-war. Supplies of furniture and 
furnishings' were only about one-fifth of the pre- 
war volume in 1944, and of hardware about one- 
third. 

These figures indicate the discomforts con- 
sumers have had to endure in this country. 
Without the arrangements to secure priority for 
the more essential products, price control, and 
fair shares, the hardships would have been much 
greater and it would have been impossible to 
release so much labour, materials, and capacity 
for war purposes. 


7 

CONCENTRATION OF 
PRODUCTION 

T he policy for the concentration of pro- 
duction was the logical consequence of 
the reduction in output imposed on 
certain consumer goods industries by the Limita- 
tion of Supplies Orders and on other industries 
by restrictions on the supplies of raw materials. 

The reduction in the output of an industry 
without any corresponding decline in the number 
of producing establishments necessarily involved 
a wasteful use of resources, except where firms 
could occupy their surplus capacity in the manu- 
facture of goods required by the Government. 
This waste of resources was particularly evident 
in industries which met the fall in their output 
by putting their workers on short time, or where 
indirect labour or other fixed costs formed a 
high proportion of total costs. To have allowed 
the civilian industries to continue to operate 
uneconomicaUy would have been inconsistent 
with the policy of bringing about a complete 
mobilization of resources for- war and would 
also have meant a steep rise in their costs of 
production and so of prices. 

By the early months of 1941, moreover, 
labour was becoming scarce, especially in some 
areas, and an urgent demand had appeared 
for factory space for war production and storage. 
In March of that year, therefore, the Govern- 
ment decided to supplement the policy of reducing 
the production of civilian goods by a policy of 
concentrating the production of each of the 
contracted industries on a proportion of the 
establishments, so that every establishment migfit 
be able to work as nearly as possible to its 
capacity. 

In the Explanatory Memorandum on the 
Concentration of Production (Cmd. 6258) the 
Government described its general objectives and 
indicated the means by which concentration 
should be carried out. The industries selected 
for concentration were those in which, it was 
thought, a substantial amount of surplus capacity 
existed, and the process by which concentration 
was achieved provides an illuminating example 
of the fruitful cooperation between industry and 
the State that has been a feature of this war. 
The Government decided on the degree of 
concentration in each industry and determined 
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In September the quota for textiles was severely 
cut. In December the quotas for consumer goods 
subject to the Limitation of Supplies Order were 
reduced to 25 per cent, of the basic period value 
for luxury articles and articles using scarce raw 
materials, and to 33^ per cent, or 50 per cent, 
for the more essential articles. 

Meanwhile more positive steps were being 
worked out. First, in order to make sure that 
the slack created by the reduction in civilian 
supplies was taken up for increased munition 
production, close contact was established between 
the Board of Trade, the Ministry of Labour, 
and the Supply Departments, so that munitions 
contracts could be placed so far as possible 
in places where labour or capacity was released. 
Secondly, in order to achieve more economical 
working of factories and to release labour and 
capacity where they were most needed for the 
war effort, the policy of concentration of pro- 
duction (dealt with in another article) was intro- 
duced early in 1941. Thirdly, the Control of 
Factory and Storage Premises was set up to 
receive, coordinate, and meet from existing 
premises the requirements of Government Depart- 
ments for factory and storage premises for war 
purposes. 

Finally, it was decided that the shortage 
of clothing was likely to become so acute as to 
necessitate the rationing of consumers in order 
to ensure fair shares and prevent queues. Clothing 
rationing began on June 1, 1941. The method 
chosen was one which, while limiting each 
buyer’s effective total demand, gave him or her 
the maximum freedom of choice within the 
rationed field. Purchase or sale of rationed 
goods (clothmg, piece-goods and footwear, but 
not hats) was permitted only against coupons. 
Consumers were given a coupon “ income ” 
which could be used for any rationed goods. 
For clothing and textiles the coupon value of 
each product was put roughly proportionate to 
the material required to produce it and produc- 
tion planned to secure the output of each product 
then demanded by consumers. As between foot- 
wear and clothing points were so adjusted as 
to try to induce consumers to buy the quantities 
of each which could be made available. Retailers 
in their turn could secure supplies of rationed 
goods only against coupons wMch were passed 
back from stage to stage until they reached 
manufacturers of cloth or footwear. 

The ration for ordinary consumers was originally 
66 coupons annually. Soon after the introduction 


of rationing, expectant mothers were given a 
supplement of 50, later raised to 60 coupons. 
Children received supplements first of 40 or 20 
coupons, according to age, and subsequently of 
30, 20, or 10 according to their size or age. 
Industrial workers were also given supplements 
of varying rates according to the degree of wear 
and tear on their clothing which their work 
involved. 

The framework of this scheme has remained 
substantially imchanged, and the efforts of the 
Board of Trade on clothing were subsequently 
directed mainly to improving and perfecting the 
scheme and to ensuring that supplies of each 
rationed article were available in the quantities 
required to implement the ration. 

First utility clothing was introduced in the 
autumn of 1941 in order to permit an effective 
control of prices as well as to save labour. 
Manufacturers were given separate and higher 
quotas for specified and price-controlled articles. 
Finally, the quota control of textiles and clothing 
was dropped in the spring of 1942. Instead, 
manufacturers were instructed to produce 
according to a pre-determined plan the required 
amounts of the various • kinds of products. It 
was found otherwise that producers, faced with 
artificial market conditions which they could 
not individually assess and with the effect of 
demand muffled and distorted by price control, 
might neglect some essential goods in favour of 
others which were more profitable or otherwise 
attractive. For only the more necessary articles 
which could be reasonably standardized could be 
effectively price-controlled. As a result prices 
of the less essential articles increased to a greater 
extent ’ and proved more profitable to manu- 
facturers. 

The control of other consumer goods was 
developed less rapidly. By the spring of 1942 
it had, however, become apparent both that 
the prices of the more important of these goods 
needed to be effectively controlled and that 
supplies would have to be further reduced so 
as to economize labour. The production of a 
number of less essential goods, such as jewelry 
and metal toys, was prohibited ; that of others, 
such as hollow-ware, was prohibited, except 
under licence, and the issue of licence was used 
to secure production of utility or near utility 
and price-controlled goods. For a few, such as 
photographic goods, the quota output of control 
was maintained. 

For furniture it became necessary, as for 
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as possible, firms were required to work out their 
arrangements so that production was concen- 
trated in areas where labour was relatively plenti- 
ful, and, as a condition of recognition as “ nucleus 
firms,” they had to agree to release their younger 
and more mobile workers for the services or for 
employment on munitions, and to replace them 
by older workers from the closed establishments. 

The tasks of examining the labour force of the 
group of firms participating in a concentration 
arrangement and of selecting workers for trans- 
ference to other industries, or from the closed 
firms to the “ nucleus firms,” naturally presented 
difficulties ; in some industries local panels repre- 
sentative of the Government, the workers, and 
the employers were set up to assist in these tasks. 
At the centre the Board of Trade was helped by 
the business members of the Industrial and Ex- 
port Council who had the important function of 
enlisting the cooperation of the several industries 
in the pursuance of the policy. 

In all industries a period was allowed during 
which these voluntary individual proposals for 
concentration could be put forward, and in many 
trades a high proportion of the firms was covered 
in this way. In some industries, when this period 
had expired, the Government itself nominated 
nucleus firms from those which remained uncon- 
centrated and required them to conclude arrange- 
ments with the “ non-nucleus.” The main depar- 
ture, however, from the type of arrangement 
described in the White Paper occurred in such 
industries as cotton spinning, where schemes for 
a whole industry were drawn up. These pro- 
vided for the selection of the “ runners ” and 
“closers” by the representatives of > the in- 
terested Government departments and the estab- 
lishment of a compensation scheme for the trade 
as a whole. In a few industries the trade associa- 
tion, or representative body, advised the Govern- 
ment about the selection of firms under this type 
of arrangement and operated a compensation 
scheme that had received Governmental approval. 

It might have been expected that the compen- 
sation arrangements would have been the source 
of major difficulties in the administration of the 
policy. In fact, however, this was not so. In 
industries where concentration took place by 
individual arrangements the Government was not 
directly concerned with compensation, except in 
so far as payments made between the firms in- 
volved questions of their treatment for purposes 
of price control. In many cases the nucleus firm 
merely contracted to produce a certain quantity 
of goods on behalf of its closed “ partner ” 


which acquired them at cost and sold them' 
through its continuing selling organization > 
Where, however, a compensation scheme for a 
whole industry was drawn up under which the 
“ runners ” paid into a pool sums which the 
“ closers ” drew out for care and maintenance, 
the scheme had to be presented for official 
approval. The treatment of these payments for 
taxation purposes, and the continuance of wear- 
and-tear allowances on the plant of the closed 
firms were dealt with in the Finance Act of 194L 

The Government • had wisely confined itself 
in its White Paper to a statement of general 
principles. It was therefore possible for con- 
centration to take many forms appropriate to 
the diverse conditions in the industries covered 
by the policy. As time went on, moreover, it 
became necessary to revise existing schemes in 
the light of the changed needs of the war and 
sometimes to provide for a further contraction 
of production. 

From the beginning the Government made it 
clear that nothing in the nature of a permanent 
rationalization scheme for any industry was 
intended. Concentration was a temporary 
expedient designed to adapt the structure of the 
different industries to war-time needs in the 
interests of the manufacturers, the consumers, 
and the nation. The insistence that the care 
and maintenance of the closed plant should be 
an obligation of the “ nucleus ” firm, and that 
the cost of care and maintenance should be a 
first charge on any compensation fund, indicates 
that the future operation of these industries and, 
in particular, of the closed firms was borne in 
mind. This is seen, too, in the statement in 
paragraph 3 of the White Paper that “ the closed 
factories should be kept ready to start up again 
as soon as possible after the war,” in the promise 
that “ the Departments concerned will then take 
all measures open to them to assist their speedy 
reopening,” and in the encouragement given 
to arrangements by which the firm whose plant 
was closed retained a skeleton selling organization. 

Some 70 industries or branches of industry 
were covered by this policy as administered by 
the Board of Trade. They ranged from large 
trades, such as cotton spinning, weaving and 
finishing, boots and shoes, pottery, hosiery, and 
furniture, to small industries, such as toilet 
preparations and pencils. In addition, concen- 
tration was applied by the Ministry of Food to 
certain branches of the food and drink trades 
and by the Ministry of Works to the brick industry. 
The process had been largely completed by the 


32 



CONCENTRATION OF PRODUCTION 


the conditions which a successful scheme should 
satisfy ; but the achievement of the desired 
result depended very largely on the initiative 
of the firms themselves. 

The White Paper envisaged a form of concen- 
tration by which an individual firm would 
arrange to transfer to itself a sufficient amount of 
production from other firms to enable it to 
approach a condition of “ full running.” The 
arrangement had to provide for the complete 
closing of the establishment, or establishments, 
from which production was transferred, the 
maintenance intact of the plant of the closed firm 
(unless the premises should be requisitioned), 
and compensation for the “ closer.” 

A continuing firm which satisfied the condi- 
tions laid down for its industry was officially 
recognized as a “ nucleus firm ” and, as such, it 


was entitled to certain benefits which were with- 
held from others. The benefits included certain 
safeguards for its labour and raw material 
supplies and a qualified promise of protection 
against its factory’s being requisitioned. Promises 
were also given that closed firms would be helped 
to restart after the war. The withholding of these 
benefits from firms which refused to participate in 
concentration arrangements constituted the main 
sanction behind the policy. 

Although the Board of Trade was the depart- 
ment mainly responsible for the administration of 
this policy (except in the food industries), many 
other departments were affected and had to be 
consulted. The Ministry of Labour, in particular, 
was much concerned with the question of the 
location of the continuing production and with 
the problem of transferring workers. Thus, so far 
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Representatives of workers and employers sitting side by side at a meeting of a production committee of a large o 
factory in the south of England. Such conferences proved to be of great use in helping to direct production in f 

and shipyards. 
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diflcreni articles, cacli made in a nniltiplicity of 
styles and qualities, and with hardly any delinite 
standards, llic method first employed, under 
the Prices of Goods Act, was therefore to lay 
down the ttencral rule that no seller mip.ht raise 
his price above the pre-war level by more than his 
costs had increased. Action to enforce this rule 
depended essentially on complaints from buyers 
to the Local Price Regulation Committees. 

It is hardly surprising that this .Act soon 
ceased to have much more than a moral effect. 
Tor enforcement purposes it combines the ditli- 
culties of both the second and third methods, 
since evidence is required not only of past prices, 
but also of past and present costs. Its function 
was essentially to impose some restraint on major 
abuses at a time when prices were movinp. 
rapidly. 

As P.O.Ci.A. became more and more ineflective. 
systems of direct pricc-fi.\inp have been pro- 
gressively evolved. These mostly have the 
common feature that some sort of mark has to 
be applied to each article by the manufacturer 
to enable it to be identified for price control 
purposes. Thus utility clothing bears the general 
utility mark and a specification number ; potters' 
and enamel hollow-ware are stamped with code 
letters ; chocolate and sweets have a product 
group number. These “ codes ” on the article 
may not in fact connote any precise quality 
standard — the so-called “ specifications ’’ for 
utility wool cloth arc a case in point — and they 
seldom if ever imply that the article has been 
inspected by the Government ; but they provide 
the indispensable means of linking the prices 
laid down in an Order to particular articles. 

In these fields the cash maximum (or “ceiling”) 
price has often been coupled with a provision 
that a manufacturer’s price must also not exceed 
his cost of production plus a certain percentage ; 
distributors are compelled to pass on the 
advantage of these lower prices, because their 
margin is fixed. There are two main reasons for 
this provision. First, the absence of precise 
specification means that articles of varying 
quality in fact have the same ceiling ; this is 
particularly important with women’s dresses. 
Secondly, some manufacturers are more efficient 
than others and can easily sell below a ceiling 
fixed to cover the costs of the less efficient. 

This raises an interesting point, which also 
arose in the field of basic materials and food- 
stuffs. The output of the higher-cost producers 
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is needed, so that their receipts must cover their 
costs, and yet the low-cost ones arc not to be 
allowed excessive profits. With some materials, 
such as steel, a single price .schedule was fi.xcd 
for all producers on the basis of average costs, 
and a pooling system adopted to divert the c.xccss 
profits of the efficient to make up the losses of 
the less efficient ; the fact that all users of steel 
paid the same price made price-fixing for their 
products much easier. In agriculture such a 
pooling system was impossible, but again uni- 
form selling prices were fi.xed for the more or 
less standardized goods produced ; devices such 
as acreage payments and ploughing-up grants 
were adopted to give special help to high-cost 
producers. With manufactured goods, however, 
the general principle has iKcn, in effect, to fix 
different selling prices for high- and low-cost 
producers, with no system for deciding which 
buyers should pay the higher price. This 
apparently anomalous procedure has worked 
surprisingly well, partly because many buyers 
have not known whether the price differences 
with which they were confronted reflected quality 
dilfcrcnces or not. and partly because the money 
involved was not sufficient to induce people to 
hunt for the cheaper sorts in an ill-stocked market. 

One thing which is apparent from a study of 
price control as applied to manufactured goods 
is the immense amount of work involved. The 
full schedule of utility clothing prices, for 
example, contains well over 10,000 different 
entries. Such a system would be bound to 
break down if there were frequent changes in 
raw material prices or wage-rates, such as would 
require complete revision of tlie schedule. This 
provides one powerful reason for the Govern- 
ment’s policy of selling most imported materials 
at fi.xcd prices, even if this involved a fluctuating 
subsidy because of changing prices paid to the 
oversea producer. Incidentally, it is a remarkable 
testimony to the Trcasur>'’s abhorrence of a 
coal subsidy that increased coal prices have not 
been “ off-set ” in this way, since they affect 
so many industries’ costs, and must have caused 
a vast amount of consequential administrative 
Work. 

Subsidies (and taxes) in one form or another 
have been a most important feature of the 
Government’s price policy. The general objective 
has been to keep down the price of most consti- 
tuents of a “ minimum budget,” and to tax 
non-essentials very heavily. The subsidies have 
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spring of 1942, and by July of the following year, 
when very little remained to be done except in 
the clothing industry, about 6,200 nucleus 
certificates had been issued by the Board of Trade, 
and some 3,500 establishments had been closed. 

It is difficult to measure the quantity of re- 
sources released by concentration, since other 
forces were operating on the industries at the 
same time as those arising out of this policy. 
In the figures published in July, 1943, by the 
Board of Trade, the gross factory space released 
as a direct result of concentration is given as 
about 70,000,000 square feet, and the net labour 
release as about 260,000. This latter figure, 
however, hardly gives an adequate guide to what 
was achieved, since even in industries in which 
the net release was small, a considerable alter- 
ation in the composition of the labour force had 
been brought about by the transference of mobile 
workers to munitions and their replacement by 
older or part-time workers. Concentration pro- 
vided not merely for the release of a substantial 
quantity of resources which would not other- 
wise have been available for the war effort, but 
also for their orderly release in places where they 
were most needed. 
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PRICE CONTROL AND 
POLICY 

W ARFARE on the modem totalitarian 
scale almost inevitably implies in- 
flation, in the sense that the monetary 
demand for goods of nearly all kinds will exceed 
the value of the supply, unless prices rise far above 
the level of costs. The choice is not between 
inflation and no inflation^ but between controlled 
inflation and uncontrolled inflation. A nation 
which tried to conduct the war without provoking 


inflation could not develop its maximum war 
effort. ^ 

To ensure that the necessary evil of inflation 
has the minimum of undesirable consequences 
requires a simultaneous attack from many 
directions. Direct control of prices needs to be 
coupled with intensive action to reduce demand ; 
taxation should be the most drastic that can be 
imposed without unduly stifling the incentive 
to all-out production or creating intolerable 
hardship in individual cases ; saving should be 
encouraged to the utmost ; and rationing or 
buying permits should be applied over as wide a 
field as is administratively possible. Vastly more 
has been done along these lines to reduce the 
upward pull of excessive demand on prices than 
was accomplished in the last war and the task 
of the price-controllers has been correspondingly 
lightened. 

The methods of price control employed fall 
into three broad classes. Under the first, actual 
maxima, in terms of £ s. d., have been laid down 
for the various articles ; consequently an infringe- 
ment could be detected by inspecting the goods 
themselves, without reference to any records. 
Under the second, the maximum is related in 
some way to the price charged by that particular 
seller for the same article, or a comparable one, 
at an earlier date ; enforcement requires evidence 
of past prices, and is particularly difficult to secure 
where the nature of the goods has not remained 
absolutely constant. Under the third, the 
maximiun is related in some way to the seller’s 
costs ; this is not too difficult to check in the case 
of distributors, who are simply allowed to add a 
certain “ margin ” to the amount paid by them, 
but with manufacturers a cost accountant’s 
investigation is needed, and even then the pro- 
blems are formidable. 

As might be expected, the tendency has been 
to use the method of “ cash maxima ” over an 
ever-widening field. Tlie trouble is, of course, 
that it can be applied only to goods which are 
reasonably standardized and can be identified 
from the description in the Order, It was applied 
very early in the war to many foodstuffs and basic 
materials, because fairly definite ' standards of 
quality existed or could be established ; even in 
these cases, however, compulsory standardization 
was often necessary. 

Over the wide field of manufactured con- 
sumption goods the difficulty of fixing actual 
prices was far greater ; there are innumerable 
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in practice been concentrated very largely on 
essential foodstuffs ; the total of these has been 
announced from time to time as over £200,000,000 
per annum, but a substantial part of this might 
more reasonably be regarded as the cost of 
encouraging the maximum output of home 
agriculture, rather than as a subsidy to keep 
down the cost of living. With a few exceptions, 
such as bread and potatoes, the articles subsidized 
have also been rationed, so that the low prices 
did not stimulate demand. 

The Budget White Paper enables one to see 
the importance of taxes and subsidies in 'the 
field of personal expenditure on consumption. 
Before the war, £546,000,000 was collected in 
indirect taxes (less subsidies), and this added 
about 15 per cent, to the cost of the goods and 
services. In 1944, these figures had risen to 
£1,033,000,000 and 25 per cent. The increased 
taxation of drink and tobacco, together with 
less important items such as the purchase tax, 
far outweighed the cost of the subsidies and left 
a very substantial amount to help pay for the 
war. In food alone, however, taxes exceeded 
subsidies by £67,000,000 in 1938, but subsidies 
exceeded taxes by £56,000,000 in 1944. 

The White Paper figures also enable one to 
see the effect of the Government’s policy of 
keeping down the cost of a minimum budget, 
both by subsidies and by vigorous price control, 
while taxing non-essentials. The cost of living 
index, which roughly measures the former, 
showed a rise of about 30 per cent, between 
1938 and 1944 ; over the whole field of consump- 
tion, however, including luxury items, the White 
Paper figures show an average rise of about 
57 per cent., or about 44 per cent, if the efiects 
of taxes and subsidies are eliminated. Price 
pohcy has indeed discouraged non-essential 
consumption, while ensuring that the minimum 
budget did not become unduly expensive. 

A comparison of price-movements in this war 
and the last shows broadly the same sort of 
results for the first two years, both for the cost 
of living and for the wholesale prices of food and 
basic materials. After that, however, this war’s 
indices became almost stationary (albeit with ^ 
slight upward trend), whereas last time the rapid 
rise continued, and the peak was not reached 
until 1920. It is to be hoped that the methods 
which have secured relative stability for four 
years will also be used to avert a catastrophic 
post-war rise, such as occurred in 1919-1920. 



Making a 17-pounder anti-tank gun. 
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THE REGIONAL BOARDS 

D ecentralization is a phase in the 

growth of an organization. If it is sup- 
pressed or too long deferred, the centralized 
control becomes clogged with detail, which forces 
it to work by rigid rules which can rarely be 
tempered for the special case. But decentraliza- 
tion, when it has to come, is never easy to 
organize. Like everything else, it can be overdone. 
It involves nice questions of combining central 
direction of policy with regional or local 
discretion ; the promotion or appointment of 
new staffs ; publicity to explain and “ seU ” the 
new arrangements and introduce the new men 
to all concerned ; to say nothing of the diflSculty 
of withdrawing from staff at the centre those 
functions which it has been decided to 
decentralize. 

For many years the Ministry of Labour had 
adopted extensive decentralization, because their 
administration of the Unemployment Insurance 


3—2 


35 


BRITISH WAR PRODUCTION 


(6) It has been a function of the boards to provide 
in each region a focus for difficulties or complaints, 
either on the part of firms or workpeople, which 
have frequently responded more easily to local 
consideration than they would to discussion in 
Whitehall. 

The boards could hardly have succeeded had 
they not been the direct responsibility of a single 
War Cabinet Minister — the Minister of Produc- 
tion. He has been powerfully supported by the 
inter-departmental committee mentioned earlier, 
and by the National Production Advisory 
Council, which consists of six nominees of the 
national employers’ organizations and six 
nominees of the T.U.C., together with 11 
vice-chairmen of Regional Boards. 
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THE GROUP SYSTEM 

I T has been said that if at Dunkirk the positions 
of Britain and America had been reversed 
the war might very well have been lost by the 
allies. For the United States with its Willow 
Runs and West Coast shipyards planned in the 
grand style needed many months in which to get 
tooled up for production. Britain’s long experi- 
ence as the workshop of the world stood her in 
better stead and made rapid improvisation easier. 
A great part of our industrial potential could be 
switched almost overnight from peace to war 
work. It was improvise or capitulate ; and by 
our good fortune improvisation is to .the British 
factory man as compromise is to the British 
politician. 

Nothing in the story of the war is more 
fascinating than the account of the manner in 
which this conversion was achieved. In Britain 
there are some 230,000 workshops and factories. 
A few are enormous, in the American tradition. 
Eighty per cent, employ only a handful of men 
apiece. These took their share of the heavy load 
imposed by the disasters of 1940. This spread 
of industry, and its flexibility, proved a lifesaver 


• in making dispersal a practical policy as well as 
a desirable objective when the German bombers 
got busy. The system worked. 

It was not only shipping space that kept 
chocolate from the shops, and not only labour 
shortage that made it difficult for a man to get 
shaved. The sweet people were busy making 
breech mechanisms and respirators, and from 
the razor-blade factories Oerlikon shells and 
tools and gauges were pouring. 

Factories that had made almost priceless 
carpets turned to producing very modest-priced 
camouflage netting. The football-pool promoters 
used their huge premises to pack parachute con- 
tainers and build storm-boats. Flares came in 
uniform Government cardboard boxes from 
works which formerly sent out exotic perfumes 
in elaborate packings. Stocking manufacturers 
made Bofors gun parts. And if the playroom 
went short of toys it was because a doll factory 
was busily producing thousands of a device which 
saved the lives of merchant seamen, and a toy 
manufacturer was making Stens instead of pop- 
guns. Even Londoners grumbled less about their 
travel difficulties when they knew that London 
Transport had been making bombers. 

Nor was all this a matter of accidental re- 
arrangement. To the toy-maker the Sten gun 
was an ideal job — small parts, neat assembly. 
The manufacturer of dog powders took as 
naturally to the production of water-sterilizing 
outfits. Rover may have had some off-colour 
days, but later on Rome avoided an epidemic. 

No less ingenious was the use of Britain’s very 
limited available space. Prisons were converted 
into workshops — from one former condernned 
cell came vital parts for aircraft that saved many 
a pilot’s life. We burrowed underground into 
the rock and slate and stone of ancient Britain 
to find protection from Luftwaffe bombs for the 
making of key instruments for our own] Lan- 
casters. A cellar of the Houses of Parliament 
was transformed into a well-organized factory. 
Thousands of tiny garages became the work- 
shops of a small army of sub-contractors, many of 
them in the south carrying on under attack from 
piloted plane, long-range sheUfire, flying bomb 
and rocket. One man set up a machine under the 
front stairs of his home and then worked to one- 
thousandth of an inch. Another enthusiast 
produced small parts in a corridor adjoining a 
projection room at a cinema and worked a shift 
between the shows. For one important job a 
henhouse became a small factory, and shell caps 
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arranged that departments would keep Regional 
Boards informed as fully as possible of their 
various plans and activities. The instructions 
which were issued, moreover, made clear the 
field in which the regional organization would 
operate, and reassured departments that it would 
not interfere in production details which were 
outside its scope. 

It soon became apparent that the organization, 
which had been established for this purpose 
of coordinating executive action, had two other 
major contributions to make. In the first place, 
departments were able to obtain from it much 
more comprehensive and reliable information 
about local circumstances and the potentialities 
of local industry'. It is the very divergence in 
the point of view of the different regions which 
gives to the regional structure its great signi- 
ficance. Secondly, central government must 
frequently deal in broad policies which apply 
with different degrees of precision in different 
places and at different times. The regional 
organization has been successfully used to enable 
these policies to be applied with flexibility so 
as to meet local conditions and local needs. 
It was found that when the local representatives 
of departments were agreed on a course of action, 
they were able to cooperate in carrying it out 
to an extent which would have been impossible 
if they had been entirely bound by separate 
instructions from each of their headquarters. 

The organization was developed too late in 
the war to be all-embracing, and it was not felt 
wise to bring under its control certain activities 
which, although they were in the nature of 
common services, were being adequately covered 
by existing organizations. 

There is not space to describe in detail the 


functions of the Regional Boards, which have 
varied in character and importance to keep 
pace with the changing war situation, but a few 
general remarks will show how they have con- 
tributed to the full and efficient use of pro- 
duction resources during the war, which was 
their main purpose. 

(1) They have provided a means of employing the 
experience and advice of both sides of industry, 
not in matters of general policy, as can be done 
at headquarters, but in the e.xecution of policies in 
the individual district or factory. This has been a 
two-way link between Government and industry 
and has led on each side to better understanding 
and more constructive action. 

(2) They have provided a means of coordinating 
the activities of the various departments in the regions. 

(3) One of the most successful features of the 
boards has been the way in which they have dealt 
with all manner of emergencies which could not 
have been foreseen and for which no regular instruc- 
tions could have been devised. They have kept 
the wheels oiled and prevented many difficulties 
developing into major issues. 

(4) The work of the boards has naturally been very 
largely, though by no means entirely, concerned with 
the use of capacity and man-power and the attempt 
to balance the needs of the various departments 
for local facilities. In recent months they have had 
a large part to play in dealing with the consequences 
of reductions in programmes and in seeing that 
proper explanations arc made of the changes. 

(5) Under the general supervision of the boards 
the Ministry of Production has operated regional 
and district capacity offices which, although estab- 
lished too late to be employed on the great expansion 
of war production, have rendered valuable assistance 
in placing sub-contracts, and in helping to bring 
into use marginal capacity, including small units 
in country districts (“ outworking depots ”) which 
otherwise would have been difficult to mobilize. 




Women at work on the assembly 
of Westinghouse metal rectifiers 
in a temporary workshop. 
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equipment, plant, and machinery necessary for 
their operation. 

In general, the Government’s policy has been 
to retain full rights of ownership over these 
assets. But where a contractor wished to own 
the assets himself, because he could foresee a 
post-war use for them, or where, owing to their 
nature, it was impracticable for the Government 
to retain ownership in them, as, for example, 
in the case of building alterations, it was agreed 
that they should be his. This was subject to his 
agreeing to make a satisfactory contribution 
towards the capital cost, either at the outset or 
at the termination of the scheme when the 
enduring benefit to the contractor from the 
Government’s expenditure could be more fairly 
assessed. 

The capacity created was worked to the limit. 
Multiple shift working of the vast and newly 
recruited labour force meant that manufacturers 
had to meet financial commitments on an alto- 
gether exceptional scale. Management and labour 
were inexperienced in armaments production and 
methods of manufacture were more uncertain 
than in the case of peace-time products. Designs 
were subject to frequent modification and 
service requirements fluctuated with the varying 
fortunes of the war. Clearly these hazards called 
for the utmost flexibility in flnance. 

Two main steps were taken. First, the size 
of the problem was reduced by the Government’s 
policy of bulk purchase of many materials and 
components and their issue to contractors, 
without charge, for processing and assembly. 
Secondly, a system of “ progress payments,” or 
advances on Government war contracts, was 
introduced. The essence of the latter arrange- 
ment was that, within the contract price, con- 
tractors could claim monthly payments up to 
90 per cent, of their expenditure, certified as 
having been properly incurred on the contract. 
Ownership in materials bought in connexion with 
the contract was vested in the Government and 
work in progress was subject to examination by 
the Government’s technical officers — arrange- 
ments which went far to ensure that moneys 
advanced in progress payments were properly 
secured. 

The progress payment system has proved, 
and still proves, a most effective way of assisting 
industry in the day-to-day financing of its war 
production. In cases where normal progress 
payments were insufficient, it was usually enough 
to arrange for an increase in their scale and 
frequency. There has been continuous and close 


liaison with the banks, whose functions have not 
been abrogated by these arrangements. 

It has inevitably happened on occasion that a 
firm’s difficulties were too deeply seated to be 
cured by expedients of this kind. Officers with 
special qualifications and experience in the field 
of industrial finance were, therefore, appointed 
and given wide powers of action. Sometimes 
loans have been arranged. Where necessary, 
managements have been strengthened by the 
appointment of a Government nominee. In 
extreme cases the Ministry, acting under Defence 
Regulations, has assumed complete control by 
installing an authorized controller charged with 
full responsibilities of management. It is a 
tribute to the adaptability of British industry that 
very few such cases have arisen. Where unfettered 
control was found to be necessary the Govern- 
ment has acquired a company’s share capital. 

The guiding principle throughout the war has 
been that financial considerations should not 
impede the fullest production of war materials, 
and the Ministry has aimed at securing this end 
with a proper regard for the public purse. 
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BANKING IN BATTLE 
ORDER 

T he most important function of the banks, 
judged by the work involved, is the pro- 
vision of cash whenever and wherever it is 
needed and of a safe, swift and reliable means of 
remitting funds throughout the country. It was 
obvious that this vital service might be impaired 
in time of war by enemy action involving directly 
or indirectly the head office or branches of any 
bank, and accordingly precautions were taken 
well in advance of the outbreak of hostilities. 
Principal among them was the system of what may 
be called “ shadow branches.” Under this plan, 
duplicate signatures of customers at any one 
branch were recorded at its “ shadow branch ” 
and the fluctuations in customers’ balances were 
notified to it each day. The “ shadow branch ” 
was chosen so as to be not too far away for con- 
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instead of shell eggs were turned out, with an 
unaccustomed regularity and speed. 

Some 20,000 women became “ out-workers ” 
— using the front parlour table as an assembly 
line and calling in the neighbours as extra hands. 
It seemed a little thing, but it added thousands 
of man hours to the total industrial output of the 
nation. 

Not least important in the operation of the 
ploughshares-into-swords policy was the develop- 
ment of the group system. It was worked from 
ver>' early days in industries which already had 
some arrangement of this kind, as in motor-car 
manufacture. But it grew to significant propor- 
tions where often no active groups had pre- 
viously existed. 

Most striking example is in the well-told slorj' 
of the “ Mulberry " achievement, where the lead- 
ing firms in civil engineering were mobilized to 
form a team which — with departmental direction 
and assistance in the provision of labour, trans- 
port, and materials — used all its technical experi- 
ence and weather wisdom to beat “ impossible ” 
conditions, including even time and tide, whose 
uncooperative tendencies arc notorious. 

In almost every field of production newly asso- 
ciated firms, joined together by the parent 
Ministry for the more rapid production of a 
weapon or store, helped each other to tackle 
common problems. Often they threw everything 
they had into the joint pool ; necessity banished 
selfishness. Groups could draw on the research 
experience of any unit, borrowing from the 
special knowledge of one to break the bottleneck 
of another. 

When necessary they lent each other machinery, 
materials, and even men. The single test was — 
would it speed the job and help to win the war ? 

Encouraged by lively individuals in industry 
and backed later on by organized departmental 
help — as in the Mutual Aid Groups sponsored 
by the Ministry of Production and the technical 
panels of the Machine Tool Control — the group 
idea has proved a war-time development which 
might usefully be adapted to the no less urgent 
needs of peace production. In some areas — 
notably on Tyneside — self-organization is to be 
continued to help increase the total volume of 
employment in the region’s engineering shops. 
Elsewhere group training schemes for apprentices 
or equally important foremen’s panels, where 
psychology is a subject along with technical 
development, are to be carried over after the war. 

From modest, but spontaneous,' beginnings, 
the group idea has grown into a part of the 


nation’s industrial set-up which many feel should 
not disintegrate. Often the groups have no fixed 
terms of reference. Many depend for their success 
on the enterprise of enthusiasts. All of them 
demonstrate once more that the adaptability of 
British industry which has made possible war- 
time achievement can help to ease adjustment to 
post-war problems. 
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FINANCE OF INDUSTRY 

T he work of the Finance branches of 
the Ministry of Supply has been con- 
cerned with three main aspects of the 
problem of facilitating the fullest use of British 
industry in the war effort, with as little detriment 
as possible to its permanent structure and 
financial resources. First came the conversion 
and expansion of industry for munitions produc- 
tion ; secondly, the provision of working capital 
on a sufficiently liberal scale to enable manufac- 
turers to meet their commitments in wages, 
materials, and overheads ; and, thirdly, the 
assistance of manufacturers in exceptional 
financial difficulties so that full war production 
was maintained. 

Of these problems the conversion of industry 
to munitions production and the large-scale 
expansion of individual firms came first, alike in 
importance and point of time. Industry itself 
ordinarily provides the capital assets it requires 
to meet expanding demands, but the abnormal 
nature of the expenditure made it inevitable 
that the Government should provide the means 
of expansion. Capital assistance — as this pro- 
vision has come to be known — has been the 
principal Government instrument by which 
industry has been expanded and remodell<id for 
war production. In some cases compleU; fao 
tories, and in others extensions and adajvbttions 
of buildings, have been provided for (;on(rii<;(or:,’ 
use at Government expense, togetlKa- y/jll) al) 
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war industry, and they were officially asked to 
confine their lending to vital national purposes. 
As things have turned out, Goveminent financial 
provision for current and capital needs of under- 
takings on war production, the bulk purchase of 
numerous foodstuffs and raw materials, the 
“ concentration ” of industries not of first 
priority, the running dowTi of stocks of goods 
in traders' hands and other factors have brought 
about a diminution in the demand for bank 
advances. 

Closely related with the financing of industry 
at war is the financing of industrj’ emerging from 
war ; and at this stage of changing conditions 
the Treasury has issued a fresh statement to 
guide the banks in tlieir lending operations. 
Meanwhile, in preparation for rc-expansion of 
peace-time industry and trade, various banks 
have proclaimed their readiness to finance 
reconversion of industry, resettlement in trade 
and new business enterprise within rather more 
clastic definitions than were fonncrly observed 
of a “ proper banking risk " ; and two new 
corporations arc being set up, with- banking 
support, to finance industrial reorganization and 
the launching or expansion of smaller under- 
takings. 

Some entirely fresh functions have fallen to 
the banks under pressure of war finance. The 
operation of a meticulous system of exchange 
control was an innovation calling for the rapid 
exercise of technical ingenuity to improvise 
methods of carrying out responsibilities delegated 
through the Bank of England. The complex 
requirements were all the more difficult to 
embody in a smoothly working system by reason 
of frequent revisions of the official regulations 
rendered necessary by changes in the war situation 
and as observation revealed openings for leakage. 

A spectacular task was the mobilization, imder 
Government orders, of hundreds of millions of 
pounds’ worth of customers’ foreign-currency 
stocks and shares and their transmission bodily 
to Montreal when the threat of invasion became 
imminent. No less ingenious was the utilization 
of the banks’ internal machinery of collection 
and payments for carrying through all transr 
actions in clothing coupons beyond the retail 
stage. Day by day millions of coupons pass 
among retailers, wholesalers, and manufacturers 
through the banks, at which all but the very 
smallest traders maintain “ coupon accounts.” 

One way and another, then, the volume of 
work to be handled has certainly not diminished. 
Each bank, however, has been required to 
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reduce its total staff to a figure not exceeding 
85 per cent, of the pre-war number. Within this 
reduced personnel the proportion of women 
has greatly increased, while temporary staff, the 
very young and the old have helped to fill the 
gap created by withdrawal of men into the 
Forces. To cite one bank’s experience as an 
example, every' other member of the pre-war 
male staff has joined some branch of the Forces ; 
well over one-half the total present staff is on 
a “ temporary ” basis ; and nearly one-half of 
the personnel now consists of women, as against 
less than one-fifth at the beginning. 

The stringency has been particularly acute in 
the category of men competent to fill positions 
of some responsibility requiring considerable 
technical knowledge and experience. The result 
of the general pressure is to be seen in longer 
working hours and shortened holidays, as well 
as in deferred retirements. Bank staffs, like every' 
one else, have borne and arc bearing the heat 
and burden of the day in maintaining a vital 
scr\'icc, without which ordinary day-to-day 
business in every part of the country would be 
infinitely more cumbersome and fraught with far 
greater risks. 

13 

SCIENTIFIC RESEARCH 

T here is no aspect of the war upon 
which scientific research has not been 
brought to bear with fruitful results. In 
Navy, Army, and Air Force, in respect of offence, 
defence, and communications ; in the workshop 
and in the fields ; in the mill and in the hospital 
fundamental changes have taken place as the result 
of the systematic enlistment of the nation’s 
scientific workers in the service of the total war 
machine. 

Some of the advances have been made along 
more or less expected lines, as in the case of the 
brilliant metallurgical work of Sykes which has 
led to great improvements in our armour-piercing 
shell : that a proved metallurgist should better 
the performance of steels under peculiar con- 
ditions is not astonishing. Other of the advances 
will come as a surprise, in their nature, to many, 
as, for instance, the way in which the systematic 
application of statistical theory has vastly simpli- 
fied and cheapened that inspection which plays 
so vital a part in modem workshop .practice. 
The work of the experimental psychologists on 
industrial fatigue, on the reactions of airmen. 
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venience but far enough to avoid the likelihood 
of simultaneous dismemberment. 

By these arrangements, which also included 
records of securities and other crucial items, it 
was possible to “ reconstruct ” promptly and 
accurately the accounts of any branch which 
might be put out of action, and to conduct 
normal banking business by resort to the dupli- 
cate signature records. At the actual scene of 
disaster local initiative, sometimes in cooperation 
with other banks and with public authorities, 
was thus able to maintain essential facilities, and 
customers suffered virtually no interruption in the 
availability of their money or discontinuity in 
transacting their business. The system was tested 
early, though on only a small scale, by invasion, 
when it proved possible for Channel Islanders 
reaching England to draw in the mainland on 
their balances with branches of the banks cut off 
by enemy occupation. 

Far more exacting tests, however, were im- 
posed by recurrent air raids, and the smoothness 
with which the emergency arrangements worked 
must have surprised not only very many of the 
banks’ customers, but the artificers of ^ the system 
as well. Several hundreds of bank branches were 
put out of action, temporarily or permanently, in 
air raids on London and many other places. 
Thus, one bank lost no fewer than five branches 
in Liverpool in one night. In Sheffield, after a 
violent raid on the centre of the city, five branches 
of one bank and branches from two others besides 
all reopened for business in the ball-room at the 
Cutlers’ Hall. One way or another, business was 
resumed almost immediately, without the con- 
fusion and uncertainty that would undoubtedly 
have arisen but for the foresight of officials 
working with little more than imagination to guide 
■them. 

It is a tribute to British safe-makers that 
strongrooms withstood so well both high explo- 
sive and incendiary bombs, imposing strains ' 
and stresses far surpassing those they were con- 
structed to combat. “ Incidents ” are on record 
in which, by reason of debris and intensity of 
heat, a strongroom could not be approached for 
a fortnight or even more ; yet the contents were 
ultimately found to be intact, though sometimes 
scorched, or damaged by water, and the locks 
moving “ sweetly ” as before. Here too the effi- 
cacy of the provisions was all the more fully 
tested because of the greater quantity of securities 
and valuables entrusted to the banks by customers 
contemplating war hazards. Where securities 
were not available for some days, most business 


requirements could be met by use of the dupli- 
cate records at the shadow branch ; and to guard 
against the risks of invasion negotiable securities 
at branches on the east and south coast fringes 
were physically removed inland. Again, after 
enemy action many thousands of customers had 
reason to be thankful for the safeguards provided 
by the “ night safe ” facilities installed at many 
branches in the years preceding the war. 

An indispensable part of a smoothly working 
cheque transmission system is a centre at which 
debits and credits arising from the transactions of 
distant payers and recipients can be exchanged 
between the banks. Ordinarily the bulk of this 
work is carried out at the London Bankers’ Clear- 
ing House, but the vulnerability of the capital 
and the seriousness of the consequences of any 
interruption of the service made it advisable to 
shift the centre of the machinery. It has, in fact, 
been established near Stoke-on-Trent since 
September, 1939, and has operated satisfactorily, 
handling about 1,000,000 cheques a day, in spite 
of some delay in the time taken to clear cheques. 
Similarly, several banks felt it advisable to move 
sections of their head offices to provincial centres, 
thus partially dispersing the personnel and 
records of control. 

Decentralization was also necessary in respect 
of currency reserves, and the enlarged quantities 
of cash held at selected centres in the provinces 
have ensured that currency has always been 
available without fail (though on occasion 
local shortages have occurred in coins of particular 
denominations) for wage payments and other 
business and private purposes. The increased 
use of currency under conditions of full employ- 
ment, high wages, and big movements of forces 
and civilian population has put a heavy strain 
on the banking system, which nevertheless has 
been smoothly and regularly met. 

At the earlier stages, when rapidly expanding 
war production was outrunning the ordinary 
facilities for finance, the enlarged flow of wages 
and other outgoings from factories, shipyards 
and other establishments often required more 
liberal accommodation from the banks than 
might have been justified by normal tests of the 
proper limits to a bank advance. Later, as the 
system of progress payments by Government 
departments came into operation more widely 
and promptly, less exceptional facilities were 
needed from the banks. 

It seems to have been thought, at the outset, 
that the aggregate lending power of the banks 
might have been strained by the demands of 
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could be detected even when the aircraft was a 
hundred miles away. 

How the Radar methods have been developed 
by the use of very short waves, which allows the 
use of directed beams, is a famihar tale. These 
methods have been applied to the laying of guns 
and the direction of searchlights. They have 
obvious possibilities after the war as aids to aerial 
and marine navigation. What is not always 
pointed out, however, is that much of the theory 
used in this wireless work is merely adaptations 
of the wave theory , of light devised and worked 
out to explain curious laboratory experiments 
in optics. Another aspect of research in wireless 
optics is the instrument used for blind bombing : 
short wireless waves which penetrate cloud are 
made to furnish a kind of image of the ground 
target. Wireless technique and wireless compo- 
nents have been employed in the development of 
portable apparatus for detecting buried land 
mines, although wireless waves, in the ordinary 
sense, are not involved. 

The study of the ionosphere, originally under- 
taken for the pure joy of investigation, has during 
the war led to another striking development. 
The electrification, of the layers of the ionosphere 
is controlled by radiations from the sun ; it 
builds up during the daytime and falls during 
the night. As a result of the scientific analysis 
of this effect and its variation from month to 
month, it has been possible to forecast some 
months ahead the most suitable wave-length for 
radio communication over a given distance for 
any time of the day or night and for any part 
of the world. 

Wireless waves are merely a kind of light 
waves ; another kind of invisible light that has 
been the subject of research for war purposes 
is the infra-red. This has been applied for night 
driving, where it enables drivers to keep in touch 
without any visible light that might betray their 
presence to the enemy, and for secret signalling 
and marking. As regards ordinary light a great 
amount of specialized research has been directed 
to the various problems of photography that are 
involved in taking successful photographs from 
the air. The camera mounting, the film, and the 
development of the film have all been the subject 
of most interesting developments, based on 
systematic laboratory work. It may be mentioned 
that photography from the air of the water 
surface near beaches was made to give very 
valuable information as to the depth of water 
by the application of the science of hydro- 
dynamics. 


Turning from light to sound, the most 
sensational war researches .here have been the 
acoustic methods for locating submarines. The 
method called Asdic is, in a way, similar to 
Radar : once more a spurt signal is sent out, only 
here it is the sound wave from a sharp “ ping,” 
and its reflection from the hostile craft, in this case 
a submarine, is received. The interval between 
the emission and reception of the signal gives the 
distance. 

Another aspect of the menace from the sea, 
and the part played by science in its elimination, 
is the magnetic mine, overcome by the, “ degaus- 
sing ” of ships and the sweeping with an invisible 
electric current between two ships, instead of a 
cable. The apparatus here was relatively simple, 
but the manufacture of that for wireless and 
sound was a great war undertaking which like- 
wise entailed much research, followed by develop- 
ment and planned manufacture on a great scale. 
The sea reminds us of quite another aspect of 
war research, that on the utilization of seaweed, 
which is so plentiful round our coast, for food and 
textiles. It is said, for instance, that excellent 
custard powder has already been produced. We 
are in a fair way to have shortly rayons, or 
artificial silks, made from seaweed, but this is n.ot, 
perhaps, mainly a war interest. 

As regards more conventional food production, 
researches carried out at Rothamsted and else- 
where on' artificial fertilizers, control of insects, 
constitution of the soil and on plant diseases 
have been of great benefit to our agriculture. 
Here again statistical work, mainly due to 
Professor R. A. Fisher, directed to the design of 
experiments calculated to give the greatest precise 
information with the least experimental effort, 
has been fundamental. Research on soil microbes 
has led to a new process for preparing manure. 

Another aspect of the influence of research 
on our diet is the work carried out by the Ministry 
of Food in close collaboration with the Depart- 
ment of Scientific and Industrial Research and 
the Medical Research Council. Nutritional 
science has provided the basis for planning our 
war-time feeding. One example of the work is 
dehydration, or the removal of replaceable water 
from foods such as eggs, meat, and certain vege- 
tables to save shipping space. Laboratory work 
has been carried out at the Low Temperature 
Research Station of the D.S.I.R., the main end 
in view being to maintain the nutritional content 
while preserving a product that can ultimately 
be made to resemble more or less closely the 
natural food. 
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and kindred subjects also lies a little away from 
the more conventional examples of applied 
research. From the whole vast field which 
includes, then, metallurgy', mathematics and 
psychology, physical, biological, and mental 
science, it is possible here only to select a few 
examples, nor must the most important be 
omitted because attention has often been drawn 
to them. 

Radar, the application of the technique of 
wireless waves to the location of aeroplanes, 
claims pride of place, however often it has been 
acclaimed, since without it our limited air force 
could scarcely have held the Hun in check in 


the battle of the skies of 1940. It may be worth 
while, with an eye on those who decry the pursuit 
of pure science for its own sake, to point out 
that this technique grew out of the chain of 
researches pursued by Faraday, Clerk Maxwell, 
Hertz. Lodge, Marconi, and Appleton, of whom 
only Marconi was working for practical ends. 
Sir Edward Appleton had worked out special 
methods of emitting and receiving wireless pulses, 
in connexion with his work on locating the 
ionosphere, that is, the electrified layers of the 
upper atmosphere. Later, largely by the efforts 
of Sir Robert Watson Watt, it was found that 
the reflection of a wireless pulse from an aircraft 



Three photographs illustrating the development of radio-location, which British scientists had in readiness at the ' 
of war. Left : The fighter direction aerial system. Top right : Radar equipment fitted beneath the nose of t 
Beaufort. Lower right ; A Radar view of the south-west tip of Wales as shown on the cathode-ray tube of the a 

carried in R.A.F. aircraft. 
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FUELpAND POWER 

C OAL mining has been a problem industry 
during five years of llie war. All was well 
for the first few months. There was no 
sign in public policy or in the relation of output 
and demand to indicate more comple.x difficulties 
ahead than those to be expected in the working 
up of output to meet the increasing needs of the 
war industries here and in France, for power, heat, 
and light. Many young miners were embodied 
with the Territorial Army and the Reserves, but 
this removal of man-power was not particularly 
disquieting because the empty places were taken 
by men who had been unemployed. There was, 
in fact, an increase of individual annual output. 
Though the strength of the labour force of the 
mines declined in 1939 the annual output of the 
individual worker increased and the total output 
of the industry' increased also. 

In the spring of 1940 output was raised to . 
nearly 5,000,000 tons a week. France had added 
to her demands, and with growing needs for larger 
supplies the industry raised its employed man- 
power above the level at which it stood imme- 


diately before the outbreak of war. This increase 
was made possible by relying more on elderly 
workers and even by calling back men who had 
retired. It was the time of the German onslaught 
on Belgium and France. In June came the 
collapse of France, the entrance of Italy into the 
war, the cutting off of the continental demand and 
.sudden cessation of exports for which there could 
be no immediate compensating demand at home. 

Exports had amounted to 47,000,000 tons in 
1939; they required 27,000,000 tons in 1940 
(mainly in the first five months), and collapsed 
to 9,000,000 tons in 1941. There was at once a 
migration of surplus miners from the exporting 
coalfields into other industries, chiefly munitions, 
and a certain number — many fewer than has been 
commonly supposed — were called up for military 
sers'ice. What was even more serious was the 
failure of the industr>' to recruit a sufficient com- 
plement of young workers to ensure the future 
strengtli of the labour force. 

Output has fallen seriously and consistently ; 
man-power has declined, and a diminution of 
individual production has still further decreased 
the supplies of fuel. Wfiicrcas 230,000,000 tons of 
coal were mined in 1939 the quantity in 1944 was 
only 184,000,000 tons. The annual output of each 



Q hydraulic flanging press required for the manufacture of gun-cradles which was produced at an urgent call 
Ministry of Supply. It was installed and ready for use in 49 working days — 200 days ahead of schedule. 
Right : Holes being drilled in the hull of a Crusader tank with a portable electric drill. 
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During the whole course of the war intensive 
research has been carried out on the composition 
of our bread, from the point of view of vitamin 
content, baking quality, and keeping. One out- 
standing result of the work carried out in the 
Cereals Research Station is that we now know 
where the nutrients are concentrated in the wheat 
grain and can anticipate the results of any milling 
policy from the point of view of food value. 
Again, the insect problem has been successfully 
attacked by the entomologists. In the last war 
large stores of grain were destroyed by insect 
pests, but, as a result of research, in this war 
such losses have been negligible. 

The applications of chemical research to 
explosives, artificial rubber, and artificial resins, 
such as the transparent plastic used to make 
windscreens in aeroplanes, are well known — 
at least, the fact that chemistry has been so 
applied is well known. Owing to the circumstance 
that gas warfare never broke out, little has been 
heard of the vast amount of research that has 
been done on war gases and on counter-measures 
against war gases, such as ointments, special 
gas-masks, and so on. 

There seems little doubt, however, that it 
was our state of preparedness, which was well 
known to the Germans, that saved us from gas 
attacks, while at the same time the enemy was 
led to expend man-power and treasure on prepara- 
tions for such attack. We owe much, then, to 
the researches of our chemists and physiologists 
in this field. Our meteorologists also played 
their part here, as they have in calculations 
relative to fog clearance from aerodromes by 
lanes of burning petrol, which have been described 
in the Press. Small-scale experiments by Pro- 
fessor Rankine were also fundamental for this 
striking operation. 

Research on explosives has led not only to 
various new explosives, but also to investigation 
of the remarkable effects that can be produced 
by giving destructive charges special forms, about 
the effects of which very little was known before 
the war. Charges hollowed out in certain ways 
produce much more powerful directed local 
blast than the same weight of explosive in 
ordinary block form. Such shaped charges, 
as they are called, have been extensively used 
for demolition and for airborne bombs designed 
for piercing armour or concrete. 

In the field of medical research much has 
been done in devising an improved system of 


vaccination against typhoid and paratyphoid 
fevers, cholera, and other endemic diseases, 
but the most striking achievement has been 
penicillin. The original observation and the 
preliminary development of this powerful agent 
against the staphylococcus and other disease- 
producing organisms was made by Sir Alexander 
Fleming, after which Sir Howard Florey and 
Dr. Chain produced the substance in a purified 
form. Active research was then carried out by 
the organic chemists, in particular Sir Robert 
Robinson at Oxford and Professor Heilbron in 
London. Finally came the question of produc- 
tion in quantity, which was taken up on a big 
scale by English manufacturers and on an even 
larger scale in America. This is a sketch of the 
kind of chain that leads from a discovery 
in a laboratory devoted to pure research to 
production in quantities that put the result at 
the service of all who need it. 

At the National Physical Laboratory, besides 
the usual work on, for instance, the testing 
of ship models and of aircraft models in experi- 
mental tanks and wind tunnels, which goes on 
week after week, a great variety of special research 
jobs have been undertaken. For instance, in 
connexion with Pluto, the pipe-line which 
conveyed oil from England to France, a great 
deal of skilled experiment had to be done on 
the coiling of steel pipes on drums before it 
was possible to lay the line successfully. Another 
odd job carried out at the laboratory was the 
design of special machinery to wash the explo- 
sives out of unexploded German bombs found 
in inhabited areas. 

For every example of our war-time research 
that has been given here another one that he 
may think just as irrportant will occur to the 
reader who has been in touch with the scientific 
side cf the war effort. What about jet propulsion 
in the rocket and in the jet-propelled plane ? 
What about the modem aeroplane compass ? 
What about the metallurgical research that lies 
behind the modem supersession of riveting by 
welding ? What about the examination of 
stmcture by X rays — non-destructive testing, 
as it is called — which has been so successfully 
developed by Dr. Pullin for the Ministry of Air- 
craft Production? These and a dozen other 
examples deserve all the good words that their 
advocates could demand. No research, however, 
has found a radically new way of making paper 
economically from home-produced material, 
and in the end it is paper shortage that confines 
such surveys as this to a brief compass. 
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THI: BATTLH Ol- Till: 
FACTOR I i;S 

T he toil taken of British iruliistry under 
the tiircc pliascs of enemy homhinp 
might have been more serious if it had 
not been for tlie intensive work of tlie Ihnergency 
Se r V ices O rga n i /a t io n . 

Tlirouglunit the country tliere were 12.000 
cases of damage to war production factories 
arising from enemy action. Roughly half this 
number were in the London region, where after 
D Day there were 2. .'’00 incidents resulting from 
flying bombs and about I.OOO from rockets. 
Many factories were hit on more than one 
occasion, and one factory, that of Messrs. 
Siemens and Co. of Woolwich, was damaged 
on 27 separate occasions during the lirst stage 
of the war. In July. 1944. flying bombs damaged 
1.200 London factories, and on some ilays during 
that peak month as many as 100 factories a day 
were damaged by direct hit. near miss, or blast. 
Morale was sternly tested, but work stopped only 
for employees to .seek shelter under benches and 
machines when the flying bombs were nearly 
overhead on the direct line of approach. 

Equally severe had been the threat to war 
production during the “ blitzes ” on Liverpool. 
Manchester, Birmingham, Coventry', Shcnicid, 
Bristol, Exeter, Plymouth, Cardifl', Sunderland, 
Bath, Barrow, Southampton, Portsmouth, and 
Hull. Essential services were disrupted and 
hundreds of factories put out of action overnight. 

Effective machinery was introduced to keep the 
production centres running. Lord Beaverbrook, 
when first Minister for Aircraft Production, 
demanded high-speed repairs for factories when 
disrupted by enemy action, fire, or explosion, and 
“ E.S.O.” — the Emergency Services Organiza- 
tion — came into being to achieve this task, the 
full magnitude of which, under flying bomb and 
rocket attacks, could not have been foreseen. 

E.S.O. was devised in detail by the Ministry 
of Aircraft Production, and authorized to act 
for all Supply departments, including the 
Admiralty, Ministry of Supply, and of course 
the M.A.P. itself, and the watchword of E.S.O. 
was “ Help Industry to Help Itself.” The bulk 
of the rescue and reconstruction work obviously 
had to be done by industry itself, since the man- 
power position made it impossible to keep a 
standing army of reconstruction experts. But 


Sir Peter Bennett, who devised the E.S.O, plan, 
knew that the job could be done. He was assisted 
b\ Mr. E. J. 1;. Brake of the M.A.P. in the early 
negotiations with the Engineering Employers’ 
Ecder.ition, and by Captain Spencer E'rccrnan, 
the Regional Controllers of the Ministrs' of Air- 
craft Production, and .Mr. \V. Strath" in con- 
verting the scheme to a working reality. 

Central and regional arrangements with the 
Engineering Employers’ Eederation led. in July, 
1940. to the formation of reconstruction panels [n 
1 2S irulusirialcentres throughout thccountry. Every 

member of these parielswas a voluntaiy worker-^ 
civil engineers, industrialists, production and 
enginccringexecutivcs. builders and administrators. 

I he Ministry ol Works delegated powers to 
l-.S.O. for authorizing constructional works and 
cstablisheil huge stocks of certain building 
materials at depots throughout Britain. Imme- 
diate access to other controlled materials was 
arrangeil, and the Ministry of Labour also gave 
an overrilling priority for building labour. Nearly 
500.n0{l t.'irpaulins — which might l>c regarded as 
the *■ penicillin ” of emergency repairs— were kept 
in store, as well as various equipment for first-aid 
repairs to supplies of gas. electricity, steam, com- 
pressed air, and refrigeration. Thus the machinery 
was all set to faceenemyaction : butoncthingmor'c 
was necessary in order that E.S.O.couldact swiftly, 

A nation-wide “ intelligence ” system was set 
up so that not only could the E.sb. machinery 
come into action at once when an incident was 
reported, but Ministers and production directors 
could be informed immediately a factory' was 
damaged. From that moment initiative "rested 
with the reconstruction panels, who were guided 
and coordinated by the Regional Controllers at 
the Ministry of Aircraft Production in consulta- 
tion with the Regional Controllers of the Ad- 
miralty and Ministries of Supply and Production. 
The nerve centre ” of this great organization, 
covering all 128 areas, was at the Ministry' of Air- 
craft Production Headquarters, London, where a 
staff worked watches to keep a 24-hour service. 

Since conditions varied in each area, panels 
^yerc left to settle their own internal organiza- 
tion. Concentrated enemy action, as in Coventry', 
Birmingham, or TrafTord Park, Manchester, 
called for different treatment from that needed 
for sporadic damage. Each panel, however, soon 
found that for the speedy restoration of produc- 
tion, the needs might fall under one or more of 
the following headings : — 

Gas, electricity, water, sewage, telephones, trans- 
port, labour, bomb-disposal, temporary manufactur- 
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worker was almost 302 tons in 1939 and only a 
little more than 259 tons in 1944. In the latter 
year fortunately opencast working came to the aid 
of the coimtry with a production of 8,600,000 tons. 

For all that the munitions industries and the 
pubUc utihty undertakings have not been with- 
out coal, nor has industry generally except in 
isolated cases, while householders who have 
failed to receive the full amount of their severely 
limited allowances have had more reason to put 
the blame for the deficiency on transport and hard 
weather. 

At times the margin of supphes, including 
stocks hoarded in the summer, has been narrow, 
but the Ministry of Fuel’s control of distribution, 
combined with its regulation of industrial supplies 
according to an oflBcial measurement of essential 
wants and its practical instruction in economy, 
prevented disaster. The “ programming ” of 
supplies was most successful. There was besides 
a fuel efiiciency service, organized by Dr. E. S. 
Grumell. A staff of 83 fuU-time fuel efficiency 
engineers and 642 part-time voluntary engineers 
visited nearly 24,000 factories and made 15,000 
“ follow-up ” visits in the two years 1943-44, 
with notably good results. 

In June, 1942, the Government assumed full 
operational control of the mines and announced 
the intention to organize the industry on the 
basis of national service, “ private interests 
being subordinated to the overriding needs of 
increased production.” Hitherto the Govern- 
ment’s control over production either in coal 
mining or in any other industry had not extended 
to the exercise of day-to-day responsibility 
for the processes of production. The Mines 
Department of the Board of Trade was exalted 
into an independent Ministry and provided with 
elaborate headquarters and regional staffs. At 
headquarters the Minister was assisted by a 
production director, a labour director, a services 
director (responsible for distribution and alloca- 
tion of coal), and a finance director. 

A national coal board, linking headquarters 
and the districts, was entrusted with advisory 
duties on the general planning of production 
efficiency, the maintenance of man-power, wel- 
fare, health, and- safety. In each coal-producing 
region a controller was appointed to exercise 
the powers of the Minister “ to assume control 
of colliery undertakings and to give directions 
to, the managements regarding the carrying' on 
of the undertakings.” But the Government 
did not supersede the colliery managers or 
subordinate them to any external control in the 


detailed working of the pits. Day-to-day manage- 
ment was left “ in the hands of the managers, 
who will continue to be the servants of the owners, 
though subject to removal at the instance of the 
controller should he deem that course necessary.” 
There was therefore the “ dual control,” which 
was to be consistently criticized by the mine- 
workers’ leaders as a limitation of the Govern- 
ment’s power to override private interests. For 
no more than a short time did Government 
control quieten the campaign of the miners for 
complete nationalization. 

In the finance of the industry Government 
control had far-reaching effects. The wage 
. awards of the Greene and the Porter tribunals 
made additions to the earnings of the miners, 
which bore hardly on the undertakings and 
coalfields with a low man-shift output and 
therefore a high cost-of-production rate. A 
method of equalizing the added burden was 
found in the Coal Charges Account. The account 
is a financial pool. With a levy of 12s. a ton 
on all output, the account was not balanced 
last March, and there was £11,500,000 of 
indebtedness to the Treasury, to be recovered 
later from higher prices of coal. Eight coal 
mining districts contributed more to the account 
than they drew out of it ; 11 drew out more 
than they paid in ; and one had an almost level 
balance. Some large net amounts were drawn 
from the account last year — ^£3,941,000 by 
Durham ; £7,508,000 by South Wales ; £1,607,000 
by Lancashire and Cheshire ; £886,000 by York- 
shire ; and £465,000 by Cumberland. All coal- 
fields receiving from the account more than 
they pay into it are not self-sustaining at the 
present level of costs of production and prices. 
Mr. Harold Wilson, who was at the time Director 
of Economics and Statistics at the Ministry 
of Fuel, has written that “ by the end of 1944 
economic laws had ceased to apply to the 
industry.” 

For the secondary sources of fuel and power, 
excluding liquid fuels, the mining industry last 
year supplied 20,700,000 tons of coal to the 
■ gas industry, and the gas undertakings produced 
330,000,000,000 cubic feet of gas and 7,600,000 
tons of coke for general consumption. 

For the production of electricity the mining 
industry supplied 24,000,000 tons of coal, and 
the electricity and railway and transport under- 
takings produced 32,800,000,000 units of 
electricity. The coal carbonized in coke ovens 
was 20,100,000 tons, which yielded 14,100,000 
tons of coke and 95,000,000,000 cubic feet of gas. 
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labour, owing to llic pressing need for building 
operatives for other housing repairs. The pro- 
vision by neighbouring factories of local 
temporary manufacturing space and equipment 
also figured prominently in mutual aid schemes 
and was frequently invoked. 

Tor the fabric of the building the first steps 
were demolition, where necessary, making sate, 
and clearance of roadways. Ne.\t followed, after 
consultation with the reconstruction panel, a 
specification of minimum repairs necessary to 
restore production based on war-time standards. 
Approval of these proposals and replacement or 
repair of machincr>' and plant led to resumption 
of normal conditions. More permanent repairs 
were deferred until circumstances permitted ; 
meanwhile assistance to firms in recovering costs 
from the War Damage Commission was rendered. 
In some eases, wherd repairs in situ were not 
practicable, dispersal premises were found and 
production transferred. The number of such 
eases was comparatively small. 

In tlic absence of appropriate departmental 
machinery, the E.S.O. network of panels, with 
their local knowledge and contacts with all 
factories in their districts, was used frequently 
as spearheads in campaigns requiring urgent 
national action. The organi?xation successfully 
obtained the full cooperation of Government 
departments when it was necessary to bypass 
normal administrative procedure to minimize 
loss of production. 

Over-all control of E.S.O. was assumed by 
Sir Allan Gordon Smith, with Mr. Brake as 
deputy, in June, 1941, when the Ministry of Air- 
craft IProduction Regional Organization was 
formed, incorporating the Directorates of Passive 
Defence, Production and Capacity, and Dispersal 
of Factories. Captain Spencer Freeman dis- 
charged the executive responsibility for E.S.O. 
and devoted his full time on a voluntary basis 
from the day of its inception in July, 1940, until 
after the cessation of the heavy flying-bomb 
attacks in September, 1944. Mr. V. C. Hanson 
was Deputy Director, E.S.O., and Mr. R. Lillice 
served part-time at headquarters coordinating 
the work of the London panels. 

The keynote of the Emergency Services 
Organization was speed of action and encourage- 
ment of local initiative ; the motive power was 
the enthusiasm, public spirit, and devotion to 
duty of 3,000 unpaid industrial executives and 
technicians, with a very small nucleus of loyal and 
untiring officials at Regional and Central H.Q., who 
together fought and won the Battle of the Factories. 
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WORKS RELATIONS 

T O men and women in industry the victory 
in the war has been a triumph of the 
mind as much as of material things. In 
the workshops they would not contemplate 
defeat. Largely this stemmed from a sense of 
individual responsibility greater than at any 
previous time in British, history : and largely this 
has iK'cn consciously developed by individual 
managements and workers’ representatives whose 
war-time experience in the buildiiig-up of factory 
information services provides a pattern for the 
future. 

It l)ccamc clear in the very early days of the 
war that people in factories wanted informaUon 
and not exhortation as an incentive to great 
effort. When the Ministry of Labour investigated 
absenteeism it found that “ perhaps the most 
significant of what may be described as psycho- 
logical causes is the lack of real interest in the 
job and a lack of conviction of its importance 
and urgency, due often to ignorance.” Absentee 
figures were low in those plants where tliis fact 
had been appreciated and combated. Official 
help, when it arrived, took the form of a sen-ice 
which drew its inspiration from the provision of 
facts. It became known, and continues, as 
“ works relations.” 

A new figure, the “ works relations officer,” 
made his appearance in industiy-, first in the 
Royal Ordnance factories administered by the 
Ministry of Supply and later in privately owned 
factories up and down the country-. 

It was his job to organize a programme of 
factory activity which included the use of service 
speakers, who talked of their battle experience 
with the weapons their audiences made, specially 
designed posters, weapon demonstrations (par- 
ticularly for the small component producers), 
factory and mobile exliibitions, film shows, 
production charts, wall newspapers, and so 
on. 

In addition to playing their part in the main 
job of building up good internal relations, these 
things were used to tackle specific problems. A 
production chart in an iron ore mine stepped up 
output by 14 per cent, in a week : it simply but 
graphically told the mine workers that without 
their ore Britain would be short of steel for 


50 



Tur: HATTi.r, or rnr. rACrotuis 


ir.p 

:iy, I:; 

"tiny tneide, 

. re; 


to 

{.& 

ric of ilie 

buildinys. 

comprc' ’-or'., be 

';!cr '' 

, b.c. 

iiir 

Ip-:: 

nits, b.cr,!- 

Ireatrrrni 

. rep.": 

it', to .sr:.! 

rep! 


rnl 

: oi 

m-TcJiirtc- 

tools .md 

c!cc:r 

. V ..’.1 CO ' • - ) • • - 

cnl. 





Intensi 

ve i!a 

tr.are in a 

1 concen 

ira 

ted 

area cn- 


tiiilcJ. ‘■!u’ri.!t:c‘. of ;>.!! rc'-nnrcc'- and concomitant 
priorities for ;u!’.ancc arr.'.npcrricnts were 

nr.u'c for appropriate cnrcrpcnc;.' committees with 
al! interests rcprc‘-cntcJ. Wcatlicrpri’nlinp of 
pian.t and restoration of cssctUial ‘cr.iccs were 
the tir'l concern.' concarrcntly with any proMcnw 
of emerpenc;. fccdiinr, ;‘-"d transport of 

prs’dnction ssorhers. Panel ntcrt'.herr. received 
functional aAsipnm.cnis ; tintes for compictiorr 
were 5ct to conform to a plannc.l propramn'.c of 
restoration. As n'iarr.' of titc Tictory operatives 
as were loefu! were orpani/ed for sals are pur- 
poses, \S'cati;erpri''o!'tn[; ss.u. c'leclcd hy riptrinp 
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A valuable link was forped between workers who helped to make tlic aircraft and armaments and the men who used 
in battle, by the frequent visits made by men of the services to war factories. Here an A. A. punnery olllccr i: 

addressing workers al a factory. 



BRITISH WAR PRODUCTION 

to see that the people of this country are as well 
educated as they are patriotic : as far as possible 
the reasons for everything should be explained to 
them. I do not think anyone who visits these centres 
can come away without some new idea. It is new 
ideas which will help us to shorten the war, and it is 
largely upon new ideas that we must regain our place 
in the world of peace. 
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WELFARE WORK 

T he scope of the war effort of the United 
Nations demanded tremendous industrial 
power. The vital necessity for maximum 
production gave added urgency and importance 
to man-power problems. 

The Minister of Labour and National Service 
frequently emphasized the futility of speeding the 
evolution of labour supply pohcy at the expense 
of understanding, acceptance, and participation 
of all parties in the execution of the policy. 

The Essential Work Orders, which restricted 
drastically the employer’s freedom to discharge 
a worker, or the worker’s freedom to leave his 
employment, were one part of' a national effort 
to bring income and conditions of work up to a 
certain standard ; for when an undertaking was 
“ scheduled ” .under the Orders it was required 
to pay employees a guaranteed minimum weekly 
wage ; while the Minister had to be satisfied that 
there were adequate welfare arrangements and, 
where necessary, arrangements for training. 

This appreciation of the State’s obligation to 
those asked to take part in war industry was 
reflected in the setting up of a Welfare Depart- 
ment in the Ministry of Labour to act with the 
Factory Department (previously under the Home 
Office). The Factory Acts represent one of the 
earliest examples of national concern for workers’ 
welfare, but they covered only conditions inside 
the factory. The new organization was concerned 
with conditions outside the place of work affect- 
ing the well-being of the workers. It dealt, in con- 
junction with the Ministries of Health, Transport, 
Works, Education, with such things as bus 
and railway services, recreation, billeting, hos- 
tels, day nurseries, shopping facilities, British 
Restaurants. 

Action to improve these conditions was not a 
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luxury which could not be afforded in war-time. 
It was an integral part of man-power policy. 

The Government, through the Factory 
Inspectorate and through the Supply Depart- 
ments (Ministries of Supply and Aircraft Pro- 
duction and the Admiralty), continuously 
emphasized the need for efficient personnel 
management in factories and for trained welfare 
supervisors. The Factory Inspectorate were 
given powers to order that doctors, nurses, and 
welfare workers should be available. Because 
of the shortage of persons trained in welfare 
and personnel work, the Ministry of Labour 
inaugurated a training course for labour manage- 
ment and welfare supervision, and 800 persons 
passed through this course. 

The Ministry of Supply itself, for the factories 
under its direct control, set up a Labour Depart- 
ment staffed by experts in personnel adminis- 
tration and labour management, in size and scope 
far beyond anything that had been known. A 
significant fact, proved up- to the hilt by official 
and other forms of inquiry, was that absence 
from work (absenteeism) was markedly less in 
all industries and undertakings having competent 
personnel departments. 

Little publicity has yet been given to the work 
of the Supply Departments and the Ministry of 
Labour in establishing hostels, sometimes accom- 
modating as many as 1,000 persons in each, to 
overcome the inevitable problem of housing trans- 
ferred workers. Provided with a theatre, games 
rooms, library, readingandwritingrooms,asweIlas 
canteens, these hostels were centres of considerable 
social activity of a kind that will have an 
influence on post-war life in many towns and 
villages. 

The lack of “ somewhere to go nights ” when, 
after the 1940-41 rush, some leisure time was to 
be enjoyed has been an important welfare 
problem. It was particularly acute in remote ' 
areas where hostels and builders’ camps were set 
up, and in towns where recreational facilities 
were few and already overcrowded. It was 
nationally recognized that the existence of suitable 
and adequate recreational facilities helps immeasur- 
ably in the adjustment of workers to a new 
environment. The machinery of existing volun- 
tary organizations was used, but the Ministry of 
Labour also fostered the establishment of workers’ 
clubs run by specially created voluntary bodies 
in the places concerned. The capital needed to 
start these clubs was found by the Treasury. 
The T.U.C. urged all local trade union clubs to 



Tiic lunch - time entertainments 
organized in the war production 
factories have been greatly appre- 
ciated by' the workers. Mr. 
Ernest Bevin, then Minister of 
Labour, is seen addressing the 
audience at a munitions works. 



tanks. A poster on welding electrodes cut the 
waste of stub-ends in typical factories by 50 per 
cent. In hundreds of works where service men 
spoke — giving facts, not “ pep talks ” — produc- 
tion rose. An economy campaign in a factory 
using easily spilled components cut waste by 23 
per cent. These experiences were common. 

Wherever “ works relations ” has been used 
intelligently it has helped to build a “ happy 
ship,” to sustain and increase production, to 
reduce scrap, to cut absenteeism, to improve 
quality of product. 

All this has, of course, been aided by the sharp 
focus of the war. Now when the urgency of the 
need for production at any cost has gone, the 
job becomes more diHicult. But in the months 
ahead a sense of partnership in industry will be 
no less necessary than during the war years. We 
shall still require to stimulate the interest of all 
concerned in the business of production in order 
to achieve a maximum output under the new ' 
conditions. Many believe the war has shown the 
way to do it. 

Relations work of this kind has impinged on 
that of welfare — bad name for a good service 
which post-war industry will certainly be required 
to maintain — and has sometimes been a function 
of the personnel manager, sometimes of the 
publicity manager, sometimes of the managing 
director himself. It must never be described as, 
and never is, propaganda. It accepts the defini- 
tion of Mr. Samuel Courtauld ; — 

.... the worker is the most costly, the most delicate, 
the most various and variable machine which industry 
has to employ, and he is infinitely more complex 


and less uniform than any raw material, or any 
intricate chemical compound. 

And in those factories where it is practised 
sensibly it produces dividends for management 
and men alike in healthier understanding of 
mutual problems. 

It is a good sign that we have reached the 
end of that period in which hours of work and 
wages were practically the sole topics for dis- 
cussion between employers and employed. The 
factory information service encourages the new 
trend through the efforts of individuals in par- 
ticular plants, through works relations groups 
which have been set up in various parts of the 
country for the fuller exchange of ideas and 
experience, and through the works relations 
centres which during stage 1 of the war have been 
available to all firms engaged on war production. 
At these centres the material available from the 
Ministries has been displayed along with practical 
information on how to make the best use of it — 
often in the form of examples from factories 
themselves. 

When he opened the London Centre Mr. 
Oliver Lyttelton summed up their war-time value 
and post-war promise in this way : — 

Production is a human problem. If even an odd 
thousand workers suffer from a sense of frustration 
and although that thousand may represent a very 
small percentage of the whole army of workers 
engaged in production, the evil that is done is out 
of all proportion to its size. It is with the object of 
stifling this propaganda of frustration that this centre 
has been formed. The old slogan “ Theirs not to 
reason why. Theirs but to do and die ” is as out of 
date as the penny-farthing bicycle. It is our duty 
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CRUISER TANKS 


In the assembly department of a factory showing British Crusader 
tanks in course of construction. The building of tanks in Britain 
was undertaken in the main by the railway locomotive builders and 
other firms normally making very heavy machinery, and to a lesser 
extent by the motor industry. 
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:oncerned and the Ministry of Supply which 
placed upon the Supply Ministry the additional 
•esponsibility, in its planning of production and 
dlocations of materials, for ensuring an adequacy 
jf essential supplies for the civilian population. 

To ensure the best use of manufacturing 
rapacity, labour and materials, tins branch of 
he Ministry of Supply, also undertook certain 
illocation duties, as distinct from production 
'unctions, as, for example, in the Dircaoratc of 
iVoodworking. In this way it was possible to 
lecure that the steady flow of multifarious 
lemands on woodworking capacity should be 
placed in such a manner as to spread the load 
rqultably over the industry in conformity with 
lational considerations and thus ensure the 
quickest possible execution of urgent contracts, 
nany of which were ancillary and were not, 
herefore, susceptible of forward planning. 

The Directorate-General of Equipment and 
Stores is made up of 10 production directorates 
located either in London or in the most conveni- 
;nt provincial centres of the manufacturing in- 
iustries concerned. Two other directorates — 
ane for Provision and Coordination, providing 
a constant link and liaison between the user 
service or department and tlie production branch 
or oversea procurement agency, and one for Pro- 
gress and Inspection — give common service to the 
department. The Chief Inspectors of Stores and 
Clothing and the Chief Progress Officer and their 
staffs come under the latter directorate, and the 
Chief Inspector of Medical Stores under the 
Directorate of Medical Supplies. There is, there- 
fore, continuous and close contact between the 
Chief Inspector, who designs the item in collabora- 
tion with the user and planner and provides the 
specification ; the Production Director, who plans 
the production and allocates the materials and 
components, and the Progress branch, which 
maintains touch with the contractor from the 
moment the order is placed by Contracts Depart- 
ment imtil the goods are delivered to the user. 

The first Director-General of Equipment and 
Stores was Lord Woolton. He was succeeded in 
1940 by Lord Catto, who was followed by the late 
Sir William Wilson. The present Director-General, 
Sir Cecil Weir, was appointed in May, 1942. 

The monthly reports of the various production 
directorates in this branch read like veritable 
industrial romances with their accoimts of the 
placing of contracts for individual items by the 
million and tens of millions, cloth by scores of 
millions of yards, cartons by the hundred 
million, and all kinds of commodities and pro- 


ducts in quantities and numbers unheard of in 
ordinary commercial life. Over 30,000,000 battle- 
dress, about 50,000,000 blankets, nearly 

100.000. 000 pairs of standard army socks, over 

25.000. 000 towels, nearly 40,000,000 pairs of ankle 
boots since 1939; enough bandages in a single 
year to encircle the world four times ; 18,000,000 
packing cases in 12 months; 8,500,000 gallons 
of paint and 250,000,000 boxes of matches in the 
same period ; several hundred thousand ambu- 
lance stretchers ; 9,000,000 sets of web equip- 
ment for all services — here are a few items selected 
at random to give a measure of war production 
carried out in the United Kingdom alone. This 
takes no account of large supplementary supplies 
of certain items provided from the United States 
of America, the Dominions and colonies, and 
other oversea sources. 

The functions of the Clothing and Textiles 
Directorate of this department do not stop at the 
provision of uniforms and service garments. 
They take them also into the field of normal civi- 
lian manufacture — and have caused them also 
to enlist the much valued cooperation of the 
voluntary women’s organizations — for the pro- 
duction and procurement of many millions of 
garments and a great deal of cloth and com- 
ponents for the relief, under War Office direction 
or Unrra arrangements, of the urgent necessities 
of the liberated countries of Europe and the Far 
East. They have placed upon them, too, the 
considerable and complex responsibility for the 
production of the civilian outfits for demobilized 
sailors, soldiers, and airmen, not only for plan- 
ning the entire production of and materials for 
this high-class range of suits, raincoats, shirts, 
collars, ties, hats, and, in collaboration with the 
Controllers of Footwear and Hosiery, shoes and 
socks, but also for assisting the Service Depart- 
ments in organizing their issue arrangements. 

But clothing and textiles as a production func- 
tion goes far beyond the provision of clothing, 
wide and varied as that responsibility is. It in- 
cludes also such items as bedding, towels, bitu- 
menized textile airfield tracks, tents and tar- 
paulins, and a host of technical and operational 
stores, both main and ancillary, which are actually 
inside the direct munition field. It covers the pro- 
duction of steel helmets, of which over 20,000,000 
have been made for the services and civilians, 
needles, body armour, and other mainly metal 
items which are associated with this side of equip- 
ment either for use in its production or as a com- 
ponent of the store itself. 

It may be asked what is meant by “ produc-. 
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EQUIPMENT AND 
STORES 

T he provision of equipment and stores 
and medical supplies is a varied and 
fascinating responsibility. This is the 
field of non-munition supply, less spectacular 
but no less necessary to the successful waging 
of war than the provision of weapons, ammuni- 
tion, ships, aircraft, vehicles, and all the other 
lethal essentials of attack and defence. The 
scope of equipment, stores, and medical supplies 
is limitless, and the production is the job of a 
vast range of industries which in peace-time 
are the most numerous and important in our 
industrial economy. 

Textiles, cotton, wool, rayon, flax, hemp, jute, 
and silk ; clothing and hosiery ; every type of 
medal ribbon and badge ; boots and shoes 
and leather goods ; cordage and camouflage ; 
narrow fabrics and web equipment ; kegs and 
drums ; hand tools and cutlery ; accommodation 
and barrack stores and field equipment ; wood- 
ware of every type ; pharmaceuticals, drugs, 
surgical instruments, hospital stores, and X-ray ; 
hutting, floating pontoons, emergency air strips, 
wood chips for surfacing airfields, bomb shelters, 
waterproofing equipment for amphibious opera- 
tions ; personal equipment of all kinds from a 
needle to a one-man tent ; obsolete and used 
surplus clothing and stores for reconditioning, 
adaptation, or breaking down — these are a 
few of the tens of thousands of separate items 


which are comprised in equipment, stores, and 
medical supplies. 

The majority of these stores are what is known 
as “ common user ” — that is, they, or many 
of them, are required in similar, but not always 
identical, patterns for every section of the fighting 
forces and official war organizations. It is, 
therefore, proper and natural that to a very large 
extent the planning of their production and the 
responsibility for their procurement became 
increasingly focused in one department as labour 
and materials became scarcer and the advantages 
of coordinated planning, which would eliminate 
competition and prevent waste, were revealed 
and recognized. 

It followed naturally that the department 
responsible for this production, the Directorate 
General of Equipment and Stores of the Ministry 
of Supply, developed and expanded continuously 
and logically until it eventually took charge of 
this type of production not just for the Army 
but also for the Royal Air Force, Civil Defence 
Services, Land Army, Ordnance factories, and 
indeed for every recognized official war service, 
except in a large number of items, frequently 
of a specialized character, for the Admiralty. 

In war production of this kind, which at every 
stage affects the amount of non-food consumption 
goods available for the civilian population, 
there has had to be close and continuous colla- 
boration between the Ministry of Supply and 
the Board of Trade. In certain classes of stores — ■ 
e.g., medical supplies — and in those items for 
which service and Government requirements 
were the major user — e.g., hand tools, kegs 
and drums, and narrow fabrics — ^mutual arrange- 
ments were made between the civil departments 


55 



BRITISH WAR PRODUCTION 


On the medical side outstanding developments 
are penicillin and mepacrine. The first has 
saved thousands of fives and expedited the return 
to health and fitness of very large numbers of 
wounded and sick in the forces. The second has 
overcome the calamity which otherwise the loss 
of most of our quinine supplies would have 
entailed, and probably has opened the door 
to a wider attack, in the post-war era, on the 
evils of malaria. The development of both can 
be attributed in the first place to the action of 
the department, stimulated by war urgencies, 
and to the cooperative enterprise and team spirit 
displayed by the manufacturers and laboratory 
workers concerned. 

Several thousand million tablets of mepacrine 
have been supplied since its manufacture began 
in 1942 after the fall of Java ; from the United 
Kingdom alone more mepacrine for the treat- 
ment of malaria is being produced each year 
than the annual work output of quinine before 
the war. In the case of penicillin, joint American 
and British efforts have resulted in all Service 
requirements being fully met and in this wonder- 
ful drug becoming available to civilians in every 
necessary case within what, in other circum- 
stances, would have been an incredibly short 
space of time. 

But we must pass on from this fascinating 
branch of supply to the field of general stores 
and similar groups of Service supplies. Among 
the metal containers an outstanding item is 
the Jerrican. It is not too much to say that 
without this remarkable strong steel returnable 
four-gallon petrol container the rapid military 
advances across the Desert and the Continent 
could not have been made. The late President 
Roosevelt, in expressing appreciation of the 
supplies made available to the American Army 
under reverse Lend-Lease, put it even higher 
than that. This can came in to production only 
in the autumn of 1942, yet by magnificent team- 
work on the part of the manufacturers over 
40,000,000 Jerricans, containing some 250,000 
tons of special steel, and employing many 
thousands of specially trained, mainly female, 
workers, had been delivered to the Army, Navy, 
and Air Force and to our American allies by the 
early months of 1945, and every demand had 
been met on time. 

Over a million Morrison shelters, enormous 
numbers of Nissen huts — over 100,000 of the 
standard living hut and over 40,000,000 sq. ft. 
of the larger sizes in one year alone — deceptive 
devices by the thousands, untold fathoms of 


glider towing ropes and parachute cords, tools 
for every conceivable type of weapon, vehicle, 
gun and aircraft, boots for snow and footwear 
for the tropics, “ compo ” ration packs and water- 
bottles, water sterilizers and disinfectants, skis 
and Arctic outfits, and so on and so on. The 
number of separate items is very large, and in 
each of them the requirements must necessarily 
be sufficient to cover first issue and maintenance 
for all the users. Adding to the numbers enlisted 
in the general fighting forces those of the Home 
Guard and Civil Defence services and other 
Government organizations, and calculating the 
requirement over ■ the war period, the extent 
of industry’s contribution in non-munition war 
production can be assessed. 

For the present this production continues. 
Non-munition requirements go on after fighting 
ceases and until demobilization and the using 
up of stocks diminishes current demands. For 
the Far East war new equipments were 
devised and are still being produced. They are 
designed to increase comfort, safeguard health, 
and reduce, as far as possible, the risks to 
the troops using them. Lightness, coolness, 
resistance to tropical pests, rot, and rust — 
these are some of the major requirements of 
these new types of clothing and equipment. 
Again ingenuity, experience, and technical and 
scientific knowledge have been called into play, 
and again they have responded. The jungle boot 
is a technical triumph, and there are many others. 

Finally there is the reverse of new production, 
which also comes within this department — the 
disposal of surplus and used materials, clothing, 
and stores. For several years back, since salvage 
arisings and the throwing up of obsolete stores 
started, nothing has been allowed either to go 
to waste or to be sold other than through con- 
trolled channels. Millions of battledress, for 
example, have been repaired, cleaned, dyed, 
and issued either back to the Services from which 
they emanated or to the civilian market for 
agricultural workers or to clothe enemy prisoners 
of war. What was unusable in this way has gone 
back to raw material to be rewoven. Enormous 
numbers of boots, no longer wearable in the field, 
have been rebuilt, repaired, or reconditioned 
either for the Services, for relief in Europe, or 
for prisoners of war. And so through the whole 
range of returned stores the system of re-use 
has operated to the maximum. The ultimate 
disposal of war surpluses in collaboration with 
industry has already been the subject of a White 
Paper and need not, therefore, be elaborated here. 
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tion ” when applied to this supply department ? 
It does not, of course, except in a limited number 
of cases, mean the actual manufacture in a 
Govemment-owTied factory by Government 
servants of the store in question. It means, 
to take clothing as an illustration, determining 
the specification, quality or texture of every 
item comprised in the finished garment, ordering 
the cloth, the buttons, the linings, the thread, 
and the other components and issuing the appro- 
priate amounts of each to the maker-up, who 
in his turn must manufacture to an approved 
specification. At each suitable stage inspection 
by trained viewers takes place, and throughout 
the period of production progress officers are 
available to assist the contractor to clear bottle- 
necks of transport, material, or labour, and to 
see to the expediting of urgently needed items 
which may either be coming along too slowly 
or which have to be hastened to meet a sudden 
or advanced operational requirement. 

The production department is a supplier and 
a planner who uses industry as producer and 
frequently as adviser. 

The flexibility of the consumption-goods and 
light engineering industries has been amply 


demonstrated in the war. Despite concentration 
and contraction of capacity in terms of space 
and labour, the workers, many of them either 
much over or much under average working age, 
have on the whole given a good rate of output 
per operative and manufacturers have proved 
adaptable in the difficult management problems 
of turning over from one type of production to 
another. The low labour priorities which these 
industries, generally speaking, have had have 
increased their problems, but they have been 
helped in getting production by the ready pro- 
vision of materials from the Department’s 
allocations, by long and regular production runs 
on the same or similar items and by the co- 
ordination of patterns which has been greatly 
developed in order to simplify manufacture 
and to economize in labour, materials, and 
production time without affecting serviceability. 

A branch of production with so wide a range 
as equipment and stores has, of course, had its 
highlights, and some of these are of considerable 
public as well as Service interest. A war speeds 
up development and stimulates research, and a 
production department must keep in close touch 
with the scientists and research chemists. 



Manufacturing Jerricans at a British factory. This steel four-gallon petrol container proved of great utility during n 
movements. Over 40 million Jerricans had been delivered by the early months of 1945. 
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Women operatives 
turning and finish- 
ing 25 - pounder 
shell cases. The 25- 
pounder gun was 
tried out with great 
success in Greece 
and was later 'em- 
ployed on a vast 
scale in the North 
African campaign. 


While it is easy to record the rapid develop- 
ment from one form of ammunition to another, 
production diflSculties were encountered which at 
times seemed almost insuperable. Before the 
war the manufacture of armour-piercing ammuni- 
tion was restricted to one or two armament firms 
and it was no easy matter to introduce into a 
number of ordinary engineering works the 
necessary technique for the machining of the 
special alloy steels used and the heat treatment 
necessary to secure the desired penetration and 
fragmentation. Fortunately, the steel adopted 
was very similar to that used for ball races, so 
that the method of heat treatment was not entirely 
new. 

Perhaps the ammunition of most interest to 
the British public was that used for anti-aircraft 
purposes. The Sin. 20cwt. high-explosive shell 
had been evolved as the result of the experience 
gained during the 1914-18 war, and when war 
broke out in 1939 this was being produced in 
considerable quantities, but it was realized that 
it was not capable of reaching planes flying at 
the height which was likely to become opera- 
tional, with the result that the 3.7in. weapon was 
evolved. The period between Munich and 
September, 1939, was used to increase produc- 
tion of this 3.7in. ammunition and contempo- 
raneously the heavier 4.5m. shell was turned out, 
but this never really found favour, and the 3.7in. 
was the ammunition that contributed most to the 
success of the gunners during the extensive 
attacks on London in 1941. 

After the successful defeat of the mass attacks 
on London, the enemy resorted to low flight tip- 
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and-run raiding, which in turn was countered 
by the 40mm. shell. This was so effective that 
the attacks became too expensive for the enemy 
to continue. Even at the peak period of expendi- 
ture it was fovmd possible to meet all require- 
ments. Development of the rocket and its place 
in anti-aircraft work is dealt with in another 
article. 

Let us return to field ammunition. Before 
1939 a considerable amount of work had been 
imdertaken in planning the change-over of 
industrial plants to mass production of the huge 
quantities of artillery ammunition estimated 
to be required in an emergency. Plant had been 
designed and ordered and was in many cases 
in the course of installation. This covered the 
range from light 40mm. Bofors A.A. ammimition 
and two-pdr. A.T. to 25-pdr. and on to 9.2in. 
Fortunately in the 25-pdr. we had a weapon 
which proved to be remarkably efficient. It can 
be said to have finally passed its trials in Greece 
with first-class honours. Later it was built in 
devastating numbers for the greatest barrage 
known in history. Perhaps the finest joint 
production of the gun maker and the ammunition 
maker was the 5.5in. howitzer, which fires an 
801b. shell with long and accurate range, and 
this proved a godsend to the infantryman. 

At the beginning of 1943 the supply position 
was such that production of 25-pdr. ammunition 
and several other sizes was practically stopped 
to release labour for other urgent preparations 
for D Day. 

With the successful landin g in the summer of 
1944 the demand for ammunition again increased. 
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SHOT AND SHELL IN 
THE MAKING 

T IIH old adapc, cxpcricniia docci. docs not 
always prove to be true, but fortunately 
in the ease of ammunition, production 
benefited by past experience and made provision 
for the supply of adequate rounds, so that this 
time there was no shell scandal. In fact, pro- 
duction was in excess of that found to be necessary, 
but to meet the chanpes that were encountered 
on the licld of battle, new types of ammunition 
had to be evolved from time to time, and this 
frequently necessitated drastic alterations in 
mcthoils of manufacture. 

The production of shell is often regarded by 
the uninitiated as a very simple enpineeriru: pro- 
position in that the dimensifui.d limits allowed 
arc on the generous side, but it is possible to 
comply with all such requirements and yet be 
f.iced with rejection because the article is above 
or below the stipulated weight. Again, the 
ordinary engineering machine tools are not 
suited to mass production of ammunition, am! 
special single-purpose machines ha.d to be 
ev*'l\ed and produced in quantity sutiiciem to 
meet the anticipated requirements of total war. 
ITntunately this was appreciated in pre-war 


days, ami some machines were built and tcicd 
I'cforc war was forced on th.e country. 

The question of actual requirenrents was no; 
easy to determine, being largely ilcpendcnt upon, 
experience in the field. While it was tl’c cor.- 
sidcred opinion that trench w.irf.uc w.>s a. t!;i:u 
of the past, ami accordingly the iteccssity for 
artillery barrage was ra.thcr remote, it w.;s set 
reali/ctl that it wa.s essential to be prepared for 
any contingency that might arise. 

Probaldy no better example of the pri'Mcnis 
connected with ammunition could be cited th.an 
that of anti-tank shell and shot, which h.t\e li.ul 
to be modified to suit the increase in pr<ucctise 
armour ailoptcd by the enemy. The prc-w.sr 
requirement was limited to the 2-pdr. shell, which 
in turn gave place to shot, for which Tre.asm;. 
sanction for an output of l.OTA.tKK) was apprcv.cv!. 
and at that time this shot was considered superio: 
to the German .'^.Tcm. shell. To be used c!recii'.c!> 
the weapon needed a degree of ct>vcr whicli ir.e 
ilesert could not alVord. ami acciutlingly there 
was an outcry that Hritish guns were no matcii 
for the 5.0cm. used by the Germans. This, how- 
c\er. wasmet by theb-pilr.. the use «rf which con- 
tributed materially to the successful campaign in 
North .Africa. In time this was countered by 
the 7.Scm. and S.Fcm. weapons introduced !\v 
the Germans, hut with our I7-pdr. and hig!’. 
xclocity shot the situation turned in our f.oour. 
and the 17-pilr. Sabot proved superior to the bet 
of the cnems's ammunition. Tite penetrative 
effect and range of shot w.is materially imp.'ovcd 
by capping the shot and superimposing a I'.dlistic 
cap. 
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which grew to predominant proportions as the 
strategy and tactics of the Air Arm developed. 

The introduction, for example, of the self- 
sealing petrol tank required the use of new types 
of incendiary bullets for attaek of enemy aircraft. 

By this time, too, the 20mm. Hispano Suiza 
cannon was becoming of increasing importance 
in the armament of aircraft, and the satisfaction 
of demands for the large variety of types which 
were developed for this calibre presented a very 
formidable production problem, the productive 
elfort expended on some of these types being as 
mueh as 35 times that needed to produce a round 
of .303in. ball. 

A further complication arose from the decision 
to chamber the Sten gun for 9mm. ammunition, 
a continental calibre, so that captured enemy 
dumps could be utilized by our advancing forces. 
Difficulties were encountered owing to our lack 


of experience in the production of this ammuni- 
tion, and some considerable time elapsed before 
these were overcome. 

The packing of S.A.A. added a complication 
not present in the production of all warlike stores. 
To cover the use of S.A.A. in various fields of 
operation, packing in suitable quantities and in 
suitable containers had to be evolved. A paeking 
suitable for ammunition to be used in a fighter 
aircraft might be entirely unsuitable for the same 
ammunition destined for use by an infantryman 
or in a tank or, again, on the high seas. Further- 
more, the global character of the war, covering 
a very wide range of climatic conditions, called 
for special waterproofing of the ammunition and 
the hermetic scaling of the packages in which it 
was transported and stored. 

The problem of raw materials was also, at 
almost all times, acute. Technical considerations 



Is stacked in a filled shell store of a Ministry of Supply filling factory, ready for fitting with fuses. From 1940 to 
June, 1945, over 360 million shells, grenades, and mines were filled in Great Britain. 
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girder or another type of bridge. In addition, 
there is the Churchill fitted with trackways 
(Twaby Ark). 

Two factors which made for improvement in 
the performance of British tanks were the 
increased use of welding and the effectiveness 
of the methods of welding employed. It will 
be interesting to see whether there is any limit 
on the effectiveness of welded armour plate. 

The construction of tanks in Britain was 
imdertaken in the main by the railway locomotive 
builders and other firms normally making very 
heavy machinery, and to a lesser extent by the 
motor industry. Behind these firms stood a 
huge army of sub-contractors of every sort and 
condition. 

Armoured Cars 

The popularity of the armoured car with the 
troops in the field has waxed and waned according 
to the various phases of different operations. 
For example, they were regarded as a first priority 
for the campaign in the Western Desert, but in 
the early fitting in Normandy were used Mttle, 
if at all. Later on, when the front became mobile 
again, the armoured cars came back to popularity. 
Their usefulness in Italy was always limited by 
the terrain. 

Despite all this, some excellent examples of 
armoured car design have been produced and, 
in suitable circumstances, they have proved very 
effective. At the outbreak of war the Guy 
armoured car was being supplied in quantity. 
Later came the Daimler ; both Daimler and Guy 
were remarkable for having the engine at the 
back. The Daimler was capable of being driven 
both ways, there being a separate steering wheel 
for the purpose. 

Humber supplied large numbers of cars which 
were used by the Army, and Morris supplied 
some for the Army and the R.A.F. Regiment. 
A.E.C. provided a very heavy design which was 
able to carry the six-pounder gun, and later the 
Mark III of this type was built to carry a 75mm. 
field piece. 

Daimler and Humber supplied a great number 
of Scout Cars. Some of the Humbers were fitted 
with an ingenious arrangement which enabled 
the gunner to fire a .303 Bren gun without 
exposing much more than his steel helmet above 
the car turret. This was a remote control handle- 
bar arrangement which carried the firing 
mechanism. 
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GUNS OF TO-DAY 

A lthough the Royal Regiment of 
Artillery laboured for long, during the war 
with Germany, under a quantitative 
disadvantage as compared with the artillery 
branch of the German Army, its advantage in 
quality kept growing steadily. Except for 
some few pieces brought out of store for possible 
use in the event of a German landing here (after 
the disaster of Dunkirk) a clean sweep had been 
made, or was being made, during the years 
between the wars, and new weapons were being 
designed and built for every branch of gunnery. 

The basic weapon of British artillery is the 
25-pounder gun-howitzer, which was developed 
from the experience gained with the 18-pounder 
of the last war. The 4.5/5.5in. gun-howitzer took 
the place of the old 60-pounder and 6in. howitzer. 
The Coast Defence guns have undergone a clean 
sweep and have almost doubled their range. 
There were still a few Sin. anti-aircraft guns in 
use, although they had been outmoded by the 
vastly superior 3. Tin. The Sin. guns were kept 
as a stand-by until sufficient 3.7s had been 
produced. It was not generally appreciated that 
the 3.7 was in many respects a better gun than the 
German 88mm., good though this weapon un- 
doubtedly was. The reputation of the 88 was 
probably due to the fact that the enemy had 
enormous quantities of the gun and could afford 
to bring them right up forward for use in the anti- 
tank role, as well as using large quantities of them 
as anti-aircraft guns and field guns farther back. 

The 88 was conceived as an all-purpose gun, 
and this conception helped to make it easy to 
provide production in quantity. In addition, 
large numbers of them were sold to the countries 
bordering on Germany. Thus they formed a 
cache against the day when German forces would 
overrun those countries, as they did. As an 
anti-aircraft gun the 88 was outranged by the 
3.7 ; as an anti-tank gun its penetration per- 
formance was not as good as that of the British 
17-pounder. All the same, the 88 was a very 
formidable proposition to come up against in 
any circumstances. 

It is probably true to say that the 25-pounder 
gun-howitzer is the finest gun of its type in the 
world to-day. It is relatively light, yet robust; 
it has a long range, yet is extremely accurate ; it 
is simple to build and to maintain. In hard 
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The Cromwell 
tank, which, with 
the S h e r m'a n , 
composed the 
main strength of 
our armoured 
divisions. 



involved constant modification of designs, and 
towards the middle of the war a threatened 
shortage of copper entailed the development of an 
entirely new technique for using steel with a 10 
per cent, coating of gilding metal, instead of pure 
cupro-nickel or gilding metal for the production 
of bullet envelopes. 

f 

As against four factories before the war, there 
were ultimately 20 factories engaged on produc- 
tion of components or their filling and assembly 
into complete rounds. Additionally, recourse was 
had to a large number of trade firms for produc- 
tion of 20mm. components and armour-piercing 
steel cores. As to the equipment and manning of 
these establishments, it was found that, owing to 
the lack of orders in peace-time, there was a 
grave deficiency of makers of S.A.A. plant, pro- 
cess tools, and gauges. The extent of the per- 
sonnel problem may be gauged from the fact that 
at the peak of production there were well over 

100.000 operatives employed in S.A.A. factories 

30.000 males and 70,000 females. 

Between September, 1939, and VE Day the total 
of S.A.A. supplied from United Kingdom fac- 
tories was about 12,000 milhon rounds, of all 
calibres up to and including 20mm. Production 
for Empire account in the Dominions and India 
to the end of 1944 amounted to another 7,750 
million rounds, mainly .303in. and 9mm. In 
addition, about 7,500 million rounds were 
obtained from the United States, mostly .30in. 
and .50in., production of these American calibres 
being left almost whoUy to the United States. 

By the date of the German collapse, a total of 
approximately 30,000 million rounds of S.A.A. 
had been made available for the prosecution of 
the war by the forces of the British Common- 
wealth, allied contingents fighting alongside 
them, and patriot forces in countries overrun by 
the enemy. 
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CHANGING TANK 
DESIGN 

W HEN the Battle of France began in 
1940 Germany was able to deploy a 
team of four tanks suited to the needs 
of the Blitzkrieg. Those tanks had been designed 
and built for that purpose during the preceding 
six years. As the war in Europe drew to its close, 
Britain’s team of tanks was just begiiming to be 
deployed. Thus was driven home — if it needed 
to be — the lesson that it takes years to design 
and build a tank for whatever role it may be 
intended. 

The German team consisted of the Panzers 
Marks I, II, III, and IV. The first two were 
considered to be light tanks, the third was a cruiser, 
and the fourth, although considered a heavy tank, 
was in reahty only a heavy cruiser. Later, v/fien 
the Blitzkrieg had spent itself, the Gerrrfgn 
designers turned to defensive tanks grd prO' 
duced the monstrous Tiger and iP-sng? 

At the outbreak of war ihe 3ntn5n A?;ry 
had one light tank, the Mark'"^, v4fi’sx-sa-r/.nyu.' 
basis of half an inch, an r/ 

machine-guns (.303ir). taiinia;. ^ 
country speed of about •; 

cruiser tanks with fijir; .ria. -xr.-i.- 

pounder gun, nnd fiie . vvu.-r 

armour basis oI'yA . a-'.-s. 

speed of six 
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able to undertake in anticipation of D Day did not 
prevent their tanks from being penetrated by this 
remarkable gun. 

The enemy air attacks on this country provided 
us with an excellent opportunity to watch our 
anti-aircraft gunners at work. It is a fact not too 
welcome to the onlooker that enemy aircraft 
can take avoiding action and that during the 
time it takes a shell to travel from the gun to the 
target the target may have travelled several miles. 
At present it is possible only to “predict” the 
probable position of the target aircraft, and the 
“ prediction ” is based on the assumption that the 
aircraft will continue on the counsc on which it 
was flying when the “ prediction " was made. 
However all that may be, the fact is that the 
3.7s and 4.5s did sterling work in shooting down 
enemy aircraft — and particularly in shooting 
down flying bombs — and in driving away enemy 
raiders from vital targets. The 3.7 is a rather 
delicate piece of mechanism, but extremely 
accurate up to its range of 39,500ft. It fires an 
H.E. shell of 2SIb. The gun is provided either 
as a static weapon for fixed A. A. defences or 
mounted on a towing platform for use in the field. 

The 4.5 is a static weapon firing a 5411b. shell, 
to a range of 42,240ft. The 40mm. Bofors gun 
originated in Sweden and is a very useful rapid- 
firing gun for engagements up to 9,000ft. It is 
automatic and is loaded in clips of four rounds. 
The 20mm. guns arc dealt with under small arms. 


Our 9.2in. and 15in. coast defence guns came 
into their own a little before the final collapse 
of Germany when the Straits batteries sank 11 
out of 18 German ships trying to make passage 
through the Straits from the occupied ports of 
France up to Germany. TTiis was magnificent 
shooting at a range of 20 miles. The gunners 
who have used these weapons always had great 
faith in the 9.2 as an accurate and powerful piece 
of artillery', but pride of place Ibr range and 
power must go to the 1 5in. Tlicre is one amusing 
stoiy' about the 15in. equipments which were 
situated near Dover. It is said that there was 
reason to suppose that a particular building 
near Calais was being used by the German 
Army in 1942 for highly suspicious purposes, 
and the gunners thought that they would try 
to put an end to the business. After three ranging 
shots they hit the building full in the middle. 
This was a matter for mutual congratulations 
all round, and celebrations continued for some 
little while after. During this pleasant interlude 
a message was received from the Civil Authorities 
in Dover pointing out that as a result of their 
cflcctivc firing more than SO German shells 
had fallen in the “ vicinity of Dover ” in the 
course of three hours, and asking the gunners 
“ not to be so damned accurate ” in the future. 

After the appalling losses of Dunkirk any 
and cvciy' sort of gun was pressed into service 
until production could make up for the losses. 
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A gun that played a prominent part in the North African campaign was the 5 5 gun 
howitzer It throws a shell of 1001b. a distance of eight miles. A batS s shown “n 
. action, the rammer being returned after the shell had been driven home 
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INFANTRY WEAPONS 

A S compared with the last war tlic infantry 
battalion is now a veritable arsenal. 

The infantr>' began the last war armed 
with the No. 1 (.303) rifle and sword bayonet. 
There w'ere a few Vickers machine-guns, but ver>' 
few. OlTicers were armed with the Service Pistol 
No. 1 (.455 inch Wcbley revolver). In the course 
of that war the infantry' acquired the Mills 
grenade and the Stokes mortar and the Lewis and 
Hotchkiss machine-guns (.303 inch), together with 
an enormous increase in Vickers machine-guns. 
Nowadays the infantiy' have, or have had during 
the war, the rifle No. I and No. 4, the Bren light 
machine-gun (.303 inch), the Mills grenade, the 
No. 69 plastic grenade, the phosphorus smoke 
grenade, and the No. 74 or sticky grenade. In 
addition there are the Vickers medium machine- 
gun, the Boyes (.55 inch) anti-tank rifle, the Pro- 
jector, Infantry, Anti-Tank (or P.I.A.T.), the 
2-inch, 3-inch, and 4.5-inch mortar.«, the two- 
pounder anti-tank gun, and the si.\-poundcr anti- 
tank gun. Apart from all these there are the sub- 
machine guns, chief of which is the Sten. 

Moreover the Home Guard — infantry if ever 
there was any — were equipped with light artillery 
as well as most of the foregoing. They had the 



a Bren machine-gun in a factory. The Bren gun is 
with the troops, being light, reliable, simple and accurate. 
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Northover projector, the Blacker bombard (or 
29mm. Spigot mortar), and the Smith gun. Some 
of these weapons were also available to the 
R.A.F. Regiment for the defence of aerodromes, 
together with 40mm, and 20mm, anti-aircraft 
weapons. 

At the beginning of this war the rifle was still 
the No. 1 — commonly known as the S.M.L.E. 
(Short Magazine Lee Enfield) — and its bayonet. 
It was a thoroughly reliable weapon which had 
stood the test of active service in all theatres. 
It had the famous Lee bolt action, the best in the 
world for easy manipulation and, consequently, 
for high rate of fire, and it was extremely accurate. 

Good though this rifle was, it was not suited 
to mass production, and it had been decided in 
1926 to develop another design. This was the 
No. 4 rifle, and it was fitted with a short bayonet. 
It was put through extensive troop trials, which 
it passed satisfactorily. Tlie design was then put 
into cold storage pending an emergency. The 
emergency came, and just before war broke out 
production of the new rifle was ordered. In 
1941 it began to flow' through. While production 
was in progress one or two further changes were 
made to simplify production still more. One of 
these was the substitution of the plain spike 
bayonet for the original design. 'ITic weapon 
has given satisfaction in scn'ice. 

Since then another pattern of rifle — a light 
weapon — has made its appearance. This is 
the No. 5, which is actually a modified No. 4. 
Tlie modifications — some of them veiy' ingenious 
— being intended to reduce its weight for use in the 
Far East. The new weapon weighs 71b. as against 
the 91b. 2oz. of the No. 4. It is also considerably 
shorter. Its accuracy has not suffered from the 
changes, however, and it is generally com- 
parable with the No. 4 rifle for service use. 
Two of the more interesting changes, both 
contingent on the shortening of the barrel, are the 
addition of a flash eliminator and a recoil pad 
on the butt to reduce the effect of the recoil. 
It also has a new hunting-knife type of bayonet 
Sin. long. 

The Bren light machine-gun, so deservedly 
popular with troops, is a considerably modified 
British version of a product of the famous Czech 
arsenal at Bmo. It is light, accurate, reliable, 
and simple. In fact, it has most of the qualities 
desirable in a weapon of this kind and has more 
than justified its production. 

The Vickers medium machine-gim has been 
made the more effective by the introduction of 
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This is not the place to tell the stor>' of that 
production effort in full, but it will not be 
unfitting to mention some of the magnificent 
work that went into gun production. Any and. 
every sort of factory that could make guns 
or small pieces of guns was roped in. Groups 
were formed among the smaller factories, so 
that tliey could make complete sub-assemblies 
and, in some instances, complete assemblies. 

One such group was formed in Kent, with 
its headquarters at Maidstone. Led by a man 
whose name beaime a by-word for improvisa- 
tion, this group began by making small com- 
ponents for ammunition and weapons, went 
on to make sub-assemblies for six-pounder guns, 
and finished by making the complete weapon 
and carriage. They did tnis for four years and 
some of their tiny factories were under fire 
from bombs, shells, flying bombs, and rockets 
during the whole of that period, but they were 
never late on a contract. 

Tlie natural leaders in the drive to produce 
guns were the Royal Ordnance Factories. They 
were designed, built, and tooled for just that 
purpose and they did a magnificent job. In 
point of fact they produced rather more than 
half of all the guns — tank, anti-tank, field, and 
anti-aircraft — that were made in Britain during 
the war. One Ordnance Factory' established 
a record by producing 1,000 guns in one month. 


and the labour force in that factory was 75 per 
cent, women. 

The production of the prototypes of the 17- 
poundcr gun is another example of the work 
of the Ordnance Factories. Two of them were 
asked to make one gun each as quickly as they 
could. In the last war 12 weeks was the fastest 
time in which a gun had been made. During 
this war, up to that time, the record was six 
weeks for a small gun. 

Twenty-one days after the orders had been 
given the Director-General of Ordnance Factories 
called a meeting at one of the two factories of 
ail the factory superintendents who were to go 
on to the 17-pounder. They were to discuss 
production methods and any particular difficulties 
that had been met with so far in production. 
The D.G.O.F. asked the two superintendents 
already on the job to say what progress they 
had made. Neither wanted to say, as each was 
afraid that the other might be ahead. Finally 
one rose from the table and pulled a cord which 
drew back the curtain at the end of the room 
disclosing the complete gun, finished in 21 days. 
The other superintendent then said that his 
prototype would be finished the next day. 

This, it is true, was an outstanding effort. Even 
so it was improved upon later on when a 17- 
poimder gun was produced in the incredible time of 
18 days. So much for British production methods ! 



A 9.2 coast-dcfcnce gun being fired on the south-east coast. . With the 15in. gun the 9.2 
shared the main duty of guarding the Channel. On one occasion these guns sank 11 out 
of 18 German ships at 20 miles range in the Straits of Dover. 
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Army for similar weapons. There were some 
machine-carbines in this country and they were 
sent to units for immediate use. As a result 
the Thompson sub-machine gun, which was 
in production in America, where it was known 
as the “ Tommy ” gun, was selected as a stop- 
gap and supphes were obtained. The imminence 
of invasion in the following year, with the 
probability of much street fighting, brought 
this problem to a head, and the Sten gun was 
developed by British designers and put into 
immediate production. 

The keynote of the Sten was its simplicity and 
suitability for mass production. It was designed 



A Home Guard firing a Sten gun from the shoulder. 
Simple to make, more than 3,000,000 Sten guns 
were produced during the war. 

to be made in millions and everything except its 
efficiency was sacrificed to that end. At first it was 
an ugly brute to look at, although most of its 
defects of appearance have now been remedied 
in 'the No. 5 Sten. However, at ranges up to 
200 yards it fired quickly and accurately and it 
killed Germans. 

The Sten consists of only 51 parts in all, and 
most of those parts could be made in any factory 
in Britain. In two or three factories it was pro- 
duced “ on the line.” There were not enough 
factories of that kind, however, and any factory 
that could do even one operation on one com- 
ponent of the gun was brought into a production 
scheme. In the London area there were scores of 
such factories, ranging from garages employing 
up to 20 people to one production unit established 


in a disused chicken-house where three people 
were employed. 

The “ belt ” between these tiny production 
units was a truck which made a daily tour of all 
of them. It set out with a load of raw material, 
left it at the first factory, picked up the com- 
ponents which had been completed there, tookthem 
on to the next workshop where another operation 
was performed, collected the previous day’s 
work from there, and so on all round Greater 
London. 

This system was completely imorthodox, but 
it worked. In addition it brought into the pro- 
duction problems the brains of many people. 
Frequently the tooling at these little workshops 
was such that they were unable to tackle the job 
that they were given in the way laid down, so they 
suggested other ways — sometimes better ways— 
and wherever possible those ways were adopted. 
The result was that more than 3,000,000 Sten 
guns were produced. They were used by the 
Regular Armies of Britain and her Continental 
Allies, by the Home Guard, by the R.A.F. Regi- 
ment, by parachute troops and commandos, and 
they were dropped in thousands to the guerrilla 
and patriot forces in the occupied . countries of 
Europe. If ever an experiment in the unorthodox 
justified itself, the Sten gun did. 

Dive-bombing in France, and particularly in 
Crete, where the enemy made extensive use of air- 
borne troops, showed the paramount necessity for, 
first, effective air cover and, secondly, efficient 
light anti-aircraft weapons. 20mm. guns were 
needed to give rapid fire against low-flying air- 
craft. The Hispano gun was in great demand for 
the Air Force ; iv was fitted in most fighter air- 
craft together with the .303 Browning. The early 
Oerlikon gun was in equally great demand for use 
at sea. To meet Army requirements the very 
much simplified 22mm. gun Polsten was de- 
veloped here and put into production. It is as 
efficient a weapon as either of the other two and re- 
quires only one-third of the man-hours to pro- 
duce. The gun was mounted for anti-aircraft 
defence singly at first and later in triple mount- 
ings, but was little used in later operations be- 
cause of the virtual demise of the enemy dive- 
bomber. 


72 


lew streamlined ammunition which has con- 
siderably increased its range. Reference should 
le made at this , point to the 7.92mm. Besa 
nachine-gun, although this is not an infantry 
kveapon. It is, however, fitted to most British 
Lanks and has proved very satisfactory. 

In the last war it was mainly officers who 
larried revolvers. This time many other ranks 
were so equipped, particularly the crews of tanks 
and armoured cars. The weapon now carried 
is the No. 2 pistol (.38 revolver). 

The number and variety of hand grenades 
now issued to troops is a reflection of the 
diflBculties with which infantry now have to 
contend. The Mills grenade serves purposes 
similar to those for which it was employed in 
the last war. It may be thrown by hand or 
projected from a rifle disdiarger cup. Its lethal 
quaUty compares most favourably with any 
other grenade in use by either side during this 
war. In fact, so deadly is it that it frequently 
constitutes a danger to the thrower. 

To provide a grenade that could be used at 
short range the No. 69 plastic grenade was 
produced. It is fitted with an impact fuse and 
has only a limited lethal range. Even so, its 
blast effect is considerable, but there is little 
danger from flying fragments. A new and very 
effective dual-purpose weapon is the phosphorus 
smoke grenade. Its flrst purpose is to provide 
smoke cover for the movement of advancing 
troops ; but the white phosphorus with which 
it is filled is a deadly composition for those 
who come into contact with it. 

At the beginning of this war the only anti- 
tank weapon (apart from the two-pounder 
anti-tank gun) which the infantry soldier had 
was the Boyes .55-inch rifle. This was an accurate 
weapon which could penetrate, about 1 inch 
of armour plate up to 300 yards. The Germans 
then increased, and continued to increase, the 
thickness of their tank armour. Instead of trying 
to improve the performance of the Boyes rifle 
to defeat this the grenade No. 68 was produced. 
This grenade was designed to be fired from the 
rifle discharger cup. It was interesting in that it 
was the first hollow-charge projectile in the 
world to be put into active service. Although 
the No. 68 was a considerable advance on the 
anti-tank- rifle, it would perforate 2 inches of 
armour plate at between 60 and 90 yards, its 
flight was sometimes erratic and inaccurate. 
Another interesting anti-tank grenade is the 
No. 74 or sticky bomb. This consisted of a glass 
or plastic body with a woollen jacket steeped 
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One of the new projectors devised during the war — the 
It is a deadly anti-tank weapon, firing a 2^16. project 

accuracy. 

in a powerful adhesive. For transportation 
the very sticky object was put inside another 
container. The user threw this grenade from 
a distance of about 10 yards and the adhesive 
held the bomb on to the tank long enough 
for the 5sec. fuse to explode. This bomb would 
penetrate about an inch of armour plate. It 
was also a handy demolition charge. 

Even when allied to patriotism these weapons 
were not enough against the heavy tanks our 
troops were meeting. The next step was the 
development of the P.I.A.T. This clumsy, 
unorthodox-looking article is in fact a very deadly 
anti-tank weapon. It weighs only 331b. and 
fires accurately a 2^1b. projectile. It c^n hit a 
moving target at from 80 to 120 yards and a 
stationary target at up to 370 yards. Its hollow- 
charge projectile can penetrate 4in. of arrriour 
plate. In the wooded country of Norm’andy 
it dealt very successfully with Tiger and Panther 
tanks. The infantryman found he could success- 
fully attack houses, machine-gun posts, emplace- 
ments in hedges, and even snipers Jn trees with 
this weapon, for the fuse was so sensitive that 
it would detonate on touching leaves and twigs. 

There has been no striking change in mortars 
except the increase in . their size. ^ The normal 
2m., 3in., and 4.2in. mortars have increased 
range, greater accuracy, and considerably more 
punch at the receiving end. 

British troops who met German troops in 
the Saar zone in 1939 noticed that the Germans 
were armed with a machine-carbine — that is, 
a short, light, automatic rifle. There had been 
some investigation into the value of this type 
of weapon before the war, and as a result of the 
meeting at the Saar a demand arose from the 


71 


BRITISH WAR PRODUCTION 

country, since all civilian bridges were classified 
under the system in 1940. 

Non-floating bridges before the war existed in 
the form of the Small Box Girder (SBG), Large 
Box Girder (LBG), and Hamilton bridges. SBG 
would take Class 18 over 64ft. and was, together 
with FBE, the standard bridge carried in the 
division. The advent of the Matilda necessitated 
redesign of SBG to raise its capacity to Class 24, 
and this bridge superseded the Class 18 version 
in 1939. LBG and Hamilton were both intended 
for rear areas and were not designed for ultra- 
rapid erection. LBG, which was based on the 
Martel box girder designed after the last war, 
would take Class 30 over 1 30ft., and the Hamilton, 
which was a single or double truss Warren girder 
built up of angles, was of similar capacity. 

Professor C. E. Inglis, of Cambridge University, 
about this time produced a modernized and 
improved bridge built of tubes on the same 
principle as his famous bridge of the last war. 
It was a Warren girder in which it was possible to 
vary the number of trusses according to the 
strength required, a feature which had first been 
introduced in the Hamilton bridge and which 
showed great promise. The Inglis bridge was 
originally designed for Class 24, but was modified 
later to increase its capacity. It was put into 
production in early 1940 and was so versatile 
that it was introduced as the divisional bridge in 
substitution of the SBG. 

After Dunkirk Jt became apparent that still 
heavier tanks would be required for the counter- 
offensive against Germany, and in 1940 the 
Churchill was under development at 40-45 tons. 
Methods were devised for strengthening the Inglis 
bridge, but a number of extra parts were required 
and the original simplicity of the design was 
somewhat impaired by their addition. No float- 
ing bridge' to carry this load existed at all. 


Mr. D. C. Bailey, chief designer at the Experi- 
mental Bridging Establishment, Christchurch, 
then produced an idea for a bridge the girders of 
which were built up of prefabricated panels. These 
panels could be erected in various combinations 
of storeys and trusses to give varying strengths of 
girder, and the decking could also be varied in 
.strength. Design, manufacture and test of pilot 
model, and production were carried out in 
record time, and the first bridges were in the hands 
of troops 10 months after the design was first 
contemplated. 

As will appear from above, a considerable 
number of types of bridge had by now crept into 
the service, with their attendant difficulties of 
manufacture and training. It soon became 
apparent, however, that the Bailey bridge could 
take the place of nearly all of them. It could be 
used as a heavy or light bridge, fixed or floating, 
and was quick to erect. Production was there- 
fore stopped on Pontoon bridge Mark V, SBG, 
LBG, Inglis, and Hamilton, and was concen- 
trated on Bailey. This production finally occu- 
pied 600 firms, who between them made over 200 
miles of fixed and 40 miles of floating bridge for 
the use of the allied armies. 

The first few months of our offensive campaign 
in North Africa involved no bridging problems, 
but the advance through Italy with its mountain 
gorges and swift-flowing rivers involved bridging 
on a scale which had never been met before. 
Never in history has an army carried out demoli- 
tions to tlie degree practised by the Germans in 
their three years of retreat. It has been necessary 
to erect over 3,000 Bailey bridges in Italy, and 
nearly half as many in North-west Europe, cul- 
minating in the crossing of the Rhine, over which 
the first 40-ton bridge was built in 30 hours. 
The longest Bailey so far erected is over 5,000ft.; 









In the Bailey bridge 
the girders are built 
up of prefabricated 
panels which can be 
erected in various 
combinations to give 
varying strengths. 
The picture shows a 
Bailey bridge under 
construction. 
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MILITARY BRIDGING 

T he two years before the war saw a 
number of changes in the tactics of river- 
crossing operations. These changes were 
brought about by increases in the use of auto- 
matic weapons and developments in the employ- 
ment of tanks and anti-tank guns. In these two 
years, therefore, bridging policy and equipment 
also underwent a number of changes. 

In the first place the assault boat had replaced 
the Kapok footbridge, since more dispersion was 
required for the attacking troops to minimize 
casualties ; secondly, anti-tank guns were required 
across the river at the earliest possible moment in 
order to deal with the armoured counter-attack ; 
and thirdly, the tanks themselves were required 
to cross as closely as possible behind the infantry. 
To add to the engineering difficulties the tanks 
began rapidly to increase in weight and to be 
carried on transporters. 

Until 1937 the heaviest bridge in the service 
was of 19 tons capacity, and it was not expected 
that even this would be erected within two days 
of the assault. In 1937 the Matilda tank was 
imder development at 23 tons, but owing to 
increases in armouring during development it 
finally went into production weighing 26 tons. A 
new pontoon equipment (Mark V) of 24-ton 
capacity had been developed simultaneously and. 


although this would take 26 tons, it was stretched 
to the limit in doing so. It was, however, the 
standard floating bridge with which we went to 
war. Owing to a number of improvements in 
design it was little heavier than the old 19-ton 
bridge and could be assembled equally quickly ; 
this was essential, since tanks were now required 
to cross early in the battle. 

Since 1929 the standard light bridge had been 
the Folding Boat Equipment (FBE) of five tons 
capacity. In 1938 the newly formed Mobile 
Division (now 1st Armoured) required a nine-ton 
bridge to take all its transport (except tanks). By 
the introduction of the principle of “ limited 
articulation ” and the provision of a new super- 
structure on the existing folding boats, the 
capacity of FBE was raised from five to nine tons 
without increase in weight. This bridge was so 
popular and so quick to erect that it was adopted 
in 1939 for use throughout the Army, and has 
served as the “ Class 9 ” bridge throughout the 
war. 

The system of bridge and vehicle “ classes ” 
was introduced in 1938 and has greatly simplified 
traffic control and route marking in the field. 
It has also eased the problem of the ever-present 
competition between bridge and vehicle designers. 
By this system all vehicles carry a numbered sign 
corresponding to their weight class, and can cross 
any bridge which shows a similar or a greater 
number ; it is thus possible to tell at a glance 
which vehicles can safely cross which bridges 
The numbers are black on a yellow ground and 
must be familiar to many road-users in this 
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relatively unskilled personnel, an important 
consideration at the time. 

When a rocket is fired there is little or no 
recoil on the projector from which it is fired, 
which therefore can be made of very light con- 
struction. This property of the rocket renders 
it peculiarly suitable for crash concentration 
fire, which can be produced from multi-barrcllcd 
projectors which arc relatively mobile, as a result 
of their lightness. An outstanding c,\amplc of 
the barrage use of the rocket was the saturation 
weapon fired from specially converted landing 
craft. This weapon was used with steady success 
in a series of operations starting from the landing 
on Sicily and culminating in the invasion of 
D Day. Tlie purpose of the craft was to saturate 
beach defences in support of landing operations 
during the final stages of the assault and several 
hundred rounds, each equivalent to a 5. Sin. 
shell, during this final stage were fired from each 
craft. 

Later, the land counter-part of the rocket 
craft was used with success in Western Europe, 
where a heavy concentration of fire was necessary 
for a short time. This weapon was a development 
from the original anti-aircraft rocket modified 
to carry a larger weight of explosive. 


Another application was the aircraft weapon, 
again developed on the basis of the rocket 
motor used for the anti-aircraft weapon. This 
weapon lias been fitted to a variety of aircraft 
types and has been used with conspicuous 
success in land operations against targets, such 
as tanks, strong-points, and troop concentrations. 
A modified form of it played an important 
part in the attack of U-boats, the rocket being 
particularly suited to this type of warfare, since 
its shape leads to its having a very good under- 
water performance. 

Finally, mention should be made of the rocket- 
assisted bomb, which was designed for the 
penetration of thick concrete roofs of submarine 
and E-boat pens. Here the rocket action is 
delayed until after the bomb has dropped a 
considerable distance, the thrust of the rocket 
motors being utilized towards the end of fall to 
increase the terminal velocity. 

The rocket played an important part in the 
war, but its development may be said to be still 
in its infancy. Higher power, greater accuracy, 
and increased simplicity arc all objectives which 
must govern post-war development, and it is 
safe to predict that considerable improvements 
in all these directions arc within our grasp. 



Rocket guns were a potent weapon in Britain’s defences against enemy aircraft. They 
were the result of years of experiment, and were first tested secretly in Jamaica A 
multiple-barrelled A.A. rocket gun is seen in action. 
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Loading a rack of rocket pro- 
jectiles on the wing of a Typhoon 
at a forward base. These pro- 
jectiles were used most effectively 
in collaboration with ground 
forces in attacks on German 
strong-points. 



this is a semi-permanent bridge across the Rhine, 
supported on piles. 

It was recognized early that until a floating, 
bridge could be built, vehicles would have to be 
ferried across rivers on rafts. A number of rafts 
were developed during the war varying in capacity 
from anti-tank guns to Churchill tanks, and these 
were used successfully on all major river-cross- 
ing operations. Out-board motors and motor- 
boats were also provided. 

Special self-launching bridges carried on tanks 
were also introduced. The folding Scissors bridge 
on the Valentine and a 34ft. straight bridge 
carried, on the Churchill were the two main types. 
These were perforce of limited span, but could 
be launched by the crew from within the tank 
without exposing themselves to fire. 

Railway bridge design has also made a number 
of advances during the war, but has fewer un- 
known factors to contend with than has road 
bridging. Pre-drilled steel joists are provided to 
deal with short spans. Gaps up to 85ft. are dealt 
with by the Unit Construction bridge, and up to 
150ft. by a lattice type “ through ” bridge also on 
the unit construction principle. More recently 
the Everall Sectional Truss bridge has been pro- 
duced, which can be used up to spans as large as 
370ft. Special forms of sectional trestling have 
also been evolved for railway work, but these 
have many other uses such as for road bridging 
and for jetties and harbour repairs. 

This account mentions the main types of equip- 
ment only, but there have been a number of 
minor items which have also been developed. 
There are also numerous additional uses of the 
Bailey bridge which are still subject to censor- 
ship. There is no doubt that military engineering 
has made greater advances during the war than 
at any other time in history. 
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ROCKETS AS WEAPONS 

A n important group of weapons, to the 
development of which the war has given 
impetus, has resulted from the application 
of the rocket principle to a variety of military 
purposes. 

Research and development, in this country, 
on rockets was started some two or three years 
before the outbreak of war, following reports 
of the advances that had been made in this direc- 
tion by the Germans. The long-range application 
of the rocket as exemplified by the German 
“ V 2 ” formed part of the programme originally 
proposed, but it was early decided to concentrate 
on those aspects of the rocket which would 
enable the gaps in our general armament pro- 
gramme to be most quickly filled. 

One of these was the anti-aircraft application, 
and the first rocket project to be brought to 
fruition in this country was designed for anti- 
aircraft use to supplement, and in some cases 
replace, the anti-aircraft guns. The method 
of use of the weapon differed from that of the 
gun in that firing was normally in salvoes of 
about 100 rounds against a single target to 
produce a barrage effect, in place of attempting 
to hit by continuous single-round prediction. 
The lethal effect of each single rocket was 
roughly equivalent/to that of a 3.7in. A.A. shell. 
The projector in most general use consisted of 
twin barrels on one mounting, though multiple 
projectors with a considerably larger number 
of barrels have also been put into service. The 
man-power saving was found to be considerable, 
and the comparative simplicity of the equipment 
rendered it particularly suitable for use by 
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four battleships only one, so far as is known, 
has yet been launched — Vanguard, 
launched by Princess Elizabeth in November, 
1944 — so it would seem that work on them at 
least must definitely have been suspended. 

The cruisers were all completed as soon as 
might be, mostly in 1940 and 1941, though some 
of them were later. Two more of the Fiji class — 
the Newfoundland and Bermuda — ^were built 
and five more of the Dido class ; there may have 
been more of which names and details have not 
yet been made public. Of the aircraft carriers 
the Illustrious, Victorious, Formidable, and 
Indomitable were all completed by 1941, but as 
the Indefatigable and Implacable were not 
completed until 1944, it would seem that work 
on them too must have been suspended for some 
time. Others have been laid down since, of a 
number not yet known ; H.M.S. Powerful and 
Leviathan were both launched during 1945, but 
they have been described as “ light carriers,” 
which seems to indicate that they are considerably 
smaller than the 23,000 tons of the earlier ships. 

It was on the construction of anti-submarine 
craft. Fleet destroyers. Hunt-class destroyers, 
sloops, and corvettes that efforts were chiefly 
concentrated in the early part of the war ; and as 
the need was chiefly for numbers, it was mainly 
on the corvettes, which being the smallest could 
be produced most quickly. One R.N.V.R. officer, 
writing of his experiences when commissioning a 
new corvette in 1940, wrote that “ indeed, it 
seemed as if, up and down the Clyde, anyone 
who had ever handled a hammer had set up a 
pole in his back garden and started building a 
corvette.” By 1943 there were over a hundred of 
them in commission, not counting those — a sub- 
stantial number — ^which had been lost in action. 

The number 'of Hunt-class destroyers was not 
much smaller, but it was not until a later stage in 
the war that it became possible substantially to 
increase the number of the much larger and more 
elaborately equipped Fleet destroyers. By the 
end of the German war there were destroyers in 
commission, later than the N. class, of the O., 
P., Q., R., S., T., U., V., W., and even later 
classes, though the numbers in each cannot yet 
be definitely stated. Indeed, destroyer con- 
struction may have progressed even further by 
now. 


Before leaving the subject of warships proper, 
mention must be made of the “ frigates,” which 
came into service in 1943. The corvettes — the 
“ whale-catcher type of ship ” — ^had proved 
remarkably good seaboats, of good endurance and 
capable of doing the duty for which they were 
designed, throughout the North Atlantic winter 
passage in company with a slow convoy ; but 
they were small and uncomfortable ships — the 
author already quoted remarked once that “ a 
corvette would roll on wet grass ” — and they 
were hardly fast enough to deal adequately with 
the later classes of U-boats. As soon as ship- 
building resources permitted — or rather, engine- 
building resources, for that proved the bottleneck 
of production of these ships — the frigate class was 
introduced. These were larger, faster, and just as 
seaworthy in Atlantic winter conditions. 

Of submarines, there were just over 60 in 
existence at the outbreak of war, a number which 
included many of the older boats, some of them 
veterans of the last war, which were useful only 
for training and experimental work. Production 
of new submarines in large numbers went on 
steadily throughout the war, though no details 
can yet be given. The same is true of light coastal 
craft, of which there were only some 20 or 30 in 
existence at the outbreak of war, but which were 
multiplied many times over after the occupation 
by the enemy of the whole of the Channel coast 
made the Narrow Seas unsuitable for the opera- 
tion of larger men-of-war, and called for the 
employment of mosquito craft in large numbers. 
In all, 1,386 of them had been built up to June, 
1944, the majority since 1940. 

This brief survey of the developments in war- 
ship building throughout the war years brings us 
to the subject of landing craft, upon the building 
of which such a large proportion of shipbuilding 
resources had to be concentrated in the later years 
of the war. 

Landing craft, as we know them to-day, 
are to all intents and purposes a new production, 
dating only from the present war. Before 1914 
there were in existence, indeed, a number of 
special boats of about the size of the battleship’s 
launch, the largest man-of-war’s boat, which 
were known as horse-boats, and were to be 
embarked if landing of troops on an open 
beach was in contemplation. The horse-boat 
was a flat-bottomed boat designed for beaching, 
with a square stem which let down so as to 
form a ramp for disembarcation of horses or 
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WARSHIPS AND 
LANDING CRAFT 

T he outbreak of war found the great 
rearmament programme, initiated under 
Mr. Baldwin, far from complete in the 
naval sphere; and, moreover, in the, previous 
two decades so few had been the orders for ships 
of war and their armaments tliat much of the 
facility for rapid naval expansion possessed by 
British industry for generations had been dissi- 
pated. It was still in process of 'being built up 
afresh, but throughout the early part of the war 
the work of shipyards suffered continuously 
from shortage of man-power and of the men 
possessing specialized experience built up by 
generations of shipbuilding. This very soon 
made it necessary for the whole of the ship- 
building of the country, naval or mercantile, 
to be placed under one control, so as to make the 
best use of available resources as required by 
the needs of the conduct of the war. The whole 
of the merchant shipbuilding was therefore 
placed under the Admiralty, and Sir James 
Lithgow was appointed Controller of Merchant 
Shipbuilding with a seat on the Board of 
Admiralty. 

The building programme of warships in hand 
at the outbreak of war was large. There were in 


hand nine battleships — the five ships of the King 
George V class, of which only three had been 
launched ; the Lion and the Temeraire ; and the 
two new unnamed ships of the 1939 programme — 
nine cruisers of the Fiji class, of which only four 
had been launched ; 10 of the smaller Dido class, 
six of which were afloat ; six aircraft-carriers of 
the Victorious class, of which two had been 
launched ; 24 fleet destroyers of the L., M., and 
N. classes ; and 20 of the ships which were then 
called “ fast escort vessels ” but were afterwards 
more suitably named “ Hunt-class destroyers.” 
In addition to these, it had been announced in 
Parliament on August 2 that 56 vessels of “ a 
whale-catcher type ” were to be built for patrol 
and anti-submarine duties ; by the- time these 
invaluable vessels came into service they had been 
given the shorter and less stilted name of “ cor- 
vettes.” 

Full details of the modifications and additions 
that were made to this programme are not yet 
available, and the progress made with it can be 
indicated only in very general terms. Work on 
the five battleships of the King George V class 
was continued, and they were put into com- 
mission in due course, although the interval which 
elapsed before the last two joined the Fleet 
suggests that work on them may have been sus- 
pended for a time, at the outbreak of ^ war, in 
order that greater progress might be made with 
the production of the large number of anti- 
submarine craft of which the need might well 
have been judged to be greater. Of the other 
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The corvette has proved invaluable for patrol and anti-submarine duties. 


ashore — they would need the support of tanks, 
guns, and armoured vehicles. From the L.C.A., 
therefore, was developed the L.C.M. — “ Landing 
Craft, Mechanized ” — of about the same size 
but designed specially for vehicles rather than 
men. These two types of landing craft were 
designed to work tmder the cover of gunfire 
from ships of war lying oflf the landing place ; 
but as warships could not provide every assistance 
which they would need in those circumstances 
there was also developed the “ Support Landing 
Craft ” — L.C.S. This was another craft of about 
the same size fitted with a substantial armament 
and smoke-laying apparatus ; it was not 
designed to be beached at all. It was much, 
faster and handier than the actual landing craft, 
and its armament enabled it to engage 
either shore targets or attacking aircraft. 

From these, it was necessary to develop some- 
thing larger in order to provide an amphibious 
force with tanks at the earliest possible moment ; 
so for the transport and landing of armoured 
formations was developed the Tank Landing 
Craft — L.C.T. For this purpose it was necessary 
to go to a length of about 200ft. and a displace- 
ment of some 350 tons» though otherwise the 
L.C.T. was essentially no more than an enlarged 
edition of the L.C.A., with a landing-ramp 
bow which lets down on to the beach. 

By virtue of its greater size alone the L.C.T. 
was able to make much longer passages than the 
smaller landing craft, and sorne of them have even 
crossed the Atlantic under their own power, 
though they presumably had to be specially 
battened down for that passage. Though it was 
designed and developed originally for the direct 
landing of tanks, it is, of course, available for 


almost any other class of military equipment or 
forces which need transport. 

After the assault stage of an amphibious 
operation comes the vitally important “ build-up ” 
stage, in which, though it is probably necessary 
still to put forces and equipment ashore on open 
.^beaches, there should be no direct local opposition 
to be reckoned with. Assault craft are no longer 
necessary, and it becomes necessary to increase 
the speed and volume of disembarcation, a 
requirement which calls for ships even larger than 
the L.C.T.s. This need led to the development of 
the Tank Landing Ship — L.S.T. — a ship of dis- 
placement running into four figures, fully sea- 
worthy for ocean passages yet still capable of 
being beached and of disembarking mechanically 
propelled vehicles direct. Photographs of these 
ships are very familiar now. When at sea they are 
indistinguishable from ordinary merchant ships of 
moderate size ; for their bow ramps, which they 
let down when beached, just as the L.C.T.s and 
smaller landing craft do, are enclosed by double 
doors, opening sideways, which, when shut, form 
a bow to the ship of the ordinary form. 

Besides these there are infantry landing ships — 
L.S.I. — also of proper ship form, but beachable 
and fitted with long gangways to be run out 
ahead on either bow ; and many other landing 
ships and landing craft of special form and special 
fittings for special purposes. Some of these merit 
special mention, such as the landing ship dock, 
which is a seagoing floating dock capable of 
lifting smaller craft out of the water altogether, as 
a floating dock of standard form does in harbour, 
and carrying out large repairs at an advanced 
base ; the L.S.T., fitted with railway lines in its 
hold, used for carrying railway rolling stock across 
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horsed vcliicics when the boat was grounded 
on a gently shelving beach. This was a very 
primitive craft which had surs'ived from the 
days of sailing ships, and although it was used 
in the 1914-18 war it was quickly found to be 
out of date even then. That war produced the 
“ X-lighter," a self-propelled steel barge with 
a ramp at the bow. X-lighters were used at 
Gallipoli, but they too were a primitive pro- 
duction. unhandy, too large to be carried in 
troop ships yet too small to be seaworthy for 
anything but the shortest passage. 

Experiments were made between 1919 and 
1939 with smaller landing craft, to be carried 
in ships ; but little money was allowed for them, 
and it was only in August, 1939, that the first 
of the landing craft known as the “ L.C.A." ran 
its trials. It was a self-propelled, shallow-draught 
boat, with a landing ramp at the bows, designed 
to be carried in a ship and to transport a load 
of about 10 tons. Tliis may be taken as the 


prototype of all the landing craft which were 
developed in great diversity after the outbreak 
of war. 

The Norwegian campaign of 1940 demon- 
strated how ver>' unprepared we were for any 
form of amphibious operations in modem 
conditions, and gave a great stimulus to study 
of equipment that would be needed if they were 
to be undertaken with any hope of success. 
Tlie withdrawal from France which followed in 
a few months made it clear that they would 
ha%'e to be undertaken before the final victory 
could become possible, and added a still stronger 
stimulus in the same direction. 

The L.C.A. was designed for putting ashore 
as rapidly as possible the first assault wave 
of an invading force, consisting only of troops 
with the minimum of weapons and equipment 
that they could take witli tliem. But as soon 
as they were landed — or perhaps in some circum- 
stances, even before tliey could actually get 



riking study of H.M.S. Anson, one of the King George V class battleships, at sea. The Anson and Howe were laid 
down in 1937, and are sister ships with a displacement of 35,000 tons. 
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WORK IN THE 
SHIPYARDS 

T he shipbuilding industry was not taken 
by surprise when war broke out and was 
ready to play its part immediately the 
urgency arose. The earlier subsidy arrangements 
had stimulated the placing of contracts for various 
classes of ships for the peaceful operations in- 
tended by shipowners, who had taken full advan- 
tage of the offers of help the Government had 
made to them through Parliament. 

By the outbreak of war committees had already 
established, in collaboration with the Admiralty, 
the Board of Trade, and the Committee of 
Imperial Defence, a broad policy which would 
secure that the available resources could be 
harnessed to naval demands — including the huge 
drain on skilled man-power occasioned by urgent 
repairs at the shortest notice — and additions to 
cargo-ship toimage according to the capacities 
and abilities of individual yards. 

There was thus no attempt to establish a 
standard ship programme, as during the 1914-18 
war, but a programme which sought to take 
advantage of individual organization with its 
consequent resilience to conflicting demands 
which could not be fully anticipated. In view of 
the many and unforeseen calls for special types 
of ships and often the seizure for naval and mili- 
tary requirements of half-built merchant ships 
which had hurriedly to be adapted to auxiliary 
aircraft-carriers and the like, the policy was 
sound. Moreover, sometimes because of enemy 
action and sometimes for other reasons, there was 
an incessant conflict between the hull and engine 
sides which called for modifications of long-term 
programmes to avoid such bottlenecks as might 
be created by an impending shortage of heavy 
forgings and so on. 

In the earlier days there was also the inability, 
owing to pressing Admiralty demands, of the 
larger engineering firms to provide the standard 
simplified geared turbine sets with water-tube 
boilers which were needed for the 15-knot cargo 
liners for which there was at one time such an 
outcry inside and outside Parliament. An even 
simpler example is the fact that, in the early days, 
there was such a scarcity of boilers — due also to 
urgent Admiralty calls, particularly for cor\’cttes 
and escort craft generally — that many cargo ships 
had to go to sea without their auxiliary’ boiler. 


While this did not affect the propulsive efficiency, 
it meant that a main boiler had to be used in port 
— a step no owner would lightly contemplate 
in ships of this class in normal circumstances. 

The long succession of lean years, during which 
the industry came almost to a standstill, had left 
its mark in derelict shipyards and the dispersal 
of workers into other trades, if not, indeed, their 
drift into permanent unemployment. So, at the 
beginning of 1940, there were only 23,000 ship- 
yard workers available for mercantile production 
and, although this was increased to 35,000 by 
June, 1941, at no time was the labour force equal 
to the plant and berth capacity. 

The situation was aggravated by the loss of 
skilled workers into the Army and Naval reserves 
and the calling up of apprentices. The older men 
had been out of work so long that their physique 
had deteriorated and they were unable to stand 
up to the very strenuous exertions ordinarily 
demanded of them. Dilution, although practised 
to the utmost capacity, brought in its train special 
difficulties in the handling of large, heavy units 
of steel and for reasons of safety normal produc- 
tion rates were slowed down in consequence, A 
steel plate weighing five tons or some of the pre- 
fabricated units of 12 tons or more, which were 
developed as the war technique progressed, could 
be a serious menace when dangling from cranes 
in a gale of wind. 

In the absence of the opportunities afforded in 
the lighter engineering trades, the number of 
women which could be introduced into the ship- 
yards was relatively small, although they did 
valuable work as welders — at this task they be- 
came particularly skilled — and as painters and in 
the joiners’ shops, on such work as polishing, 
and in the stores. 

By 1942 the experiment was made of opening 
up a derelict shipyard to be run entirely with un- 
skilled workers. A shipyard on the Tyne which 
had been out of production for 12 years was 
selected. The immediate task was to convert it 
from a wilderness, testing the scaffold poles for 
safety, seeing how much machinery had not been 
borrowed for use elsewhere — if, indeed, it had 
not been “ borrowed ” in another sense during 
the years of neglect — and so on. It was decided 
not to attract skilled labour from existing yards, for 
it could not be spared. So an attempt was made 
to adapt American prefabricated methods to a 
smaller establishment, laid out on traditionally 
British shipbuilding lines, where work was 
cramped and there was not the space and broad 
area essential for the big-scale operations asso- 
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the Channel to Normandy and delivering it 
rapidly to the railways of France : and the 
L.C.T., similarly fitted, for the purpose of 
fcrrj’ing locomotives and rolling stock across 
rivers where the bridges had been destroyed. 
More than 50 dificrent types in all were used in 
the various amphibious operations that formed 
the last phases of the war in Europe ; and as 
many if not more arc still in use in the Pacific. 

No precise figures have yet been published of 
the total number of landing ships and landing 
craft built by this country, but they formed the 
great majority of the third categon.' of warships 
mentioned in the White Paper on “ The War 
Efibrt of the United Kingdom, issued last year, 
the first two being “ major warships ” and 
“ mosquito craft.” The numbers built in each 
war year were : 1940, 200 : 1941, 314 ; 1942. 605 ; 
1943, 1.601 : and in the first half of 1944, 907. 


WARSHIPS AND LANDING CRAFT 

But thougli that is the latest date for which any 
definite information is yet available, there is no 
question of tlic production of landing craft 
having come to an end in June last year ; on the 
contrary', it was then, as these figures show, at its 
peak, and there was no slackening in the latter 
half of the year, when the demands of the armies 
on the Continent were ever-growing. Moreover, 
when those demands fell ofi' with the defeat of 
Germany, there was still the Pacific war to be 
provided for, and the part that British forces 
were taking in it, as well as the needs of our 
American allies. The amphibious attack which 
liberated Rangoon, and the many amphibious 
operations earlier in Arakan, illustrated this ; but 
whereas in the Mediterranean and Channel 
landings the British-built landing craft were 
supplemented by a large number built in America, 
in the East the reverse became the case. 




A landing craft leaving for the shore of Normandy during the operations following D Day. During tlie last r 
the war in Europe more than fifty types of landing craft were used in the various amphibious operations. Amc 

was the L.C.A., designed for putting ashore the first assault troops. 
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ivailable for merchant shipbuilding was also 
less adequate there than in other districts. 
Lithgows, Limited, had the highest individual 
output with 121,000 tons in 1941 and 102,500 
tons in 1942 and contributed the handsome 
total of 456,000 tons towards the 1,526,000 tons 
of merchant ships built on the Clyde in the full 
Bve years 1940-44. 

While, therefore, in the United States they 
were working up from almost a zero production — 
the total output in 1933 was only 10,770 gross 
tons — to an output of nearly 14,000,000 tons 
gross in 1943, the British shipyards were, filling 
the gaps of war requirements of naval and 
mercantile urgent demands under conditions of 
almost incredible difficulty. This policy of 
letting America get on with the straight job of 
mass production, leaving British yards to change 
about as occasion demanded, was undoubtedly 


right, particularly as it was never sure that 
enemy action might not paralyse the home 
yards entirely. The wonder is not that the 
British yards seemed to do so little, but that 
they did so much. Centralized organization 
and direction were so highly developed that all 
the changes could be effected with the minimum 
disturbance of the morale of workers and 
managements, although they could not be taken 
into the confidence of those responsible for 
changing established organization overnight at 
the dictates of military expediency. 

The full tale of our shipbuilding effort has 
yet to be told. There are many gaps in our 
knowledge which cannot yet be revealed, but 
enough is known to indicate the tremendous 
efforts which were put forward by the workers 
and the broad measure of cooperation among 
firms who, in peace years, regarded one another 



new t>ne of f.sst i:,000-ton cargo ship soon after completion in a British shipyard. She is one of many Con- 
ner iwir t\rgan and uas designed for the special kinds of cargo which war needs brought about. The bows of 
another ship under construction arc seen on the right. 


Magnificent work has been done 
in our shipyards both in the 
building of new vessels to replace 
the losses of war and in repairing 
damaged ships. Here are workers 
leaving a Glasgow shipyard. 



ciated with the name of Henry Kaiser and others. 
It was found possible to recruit a labour force of 
some 1,500, of which about 10 per cent, were 
women. Prefabricated units about 50ft. long and 
weighing up to 5i^ tons were assembled in obscure 
inland factories, brought direct into the ship- 
yard by rail and there worked into the 10,300- 
ton cargo ships of which five were building 
simultaneously. 

The semces of firms used to building land 
engines and non-marine types were not easy 
to enlist as they had pressing demands from 
other quarters. Nevertheless, steps were taken 
to call in their help and as time went on various 
small firms up and down tlie country, and 
particularly those accustomed to steel bridge 
work, were called upon to provide prefabricated 
units for tugs, small tankers, and various small 
craft for invasion landings. These cased tJie 
pressure on the shipyards, leaving them more 
free to develop their resources for the larger 
types. A serious strain, however, came on the 
labour and material supply through the excep- 
tionally severe North Atlantic winters, just 
when there had to be a more northerly routing 
of convoys to evade submarines and for the 
supplies so urgently needed at Murmansk and 
Archangel. These gales took their toll by 
increasing the heavy damage repairs towards 
which the building resources had to be diverted. 

Further complications arose through increasing 
demands for the defensive equipment of all 
ships, new and old, the provision of heavy 
derricks up to 50 tons lifting capacity for all 
deep sea ships, and more accommodation for 


increased personnel, including gunners. Shortage 
of material was often severe. In the early days 
of the war steel had to be imported from Aus- 
tralia, India, and the United States. Timber 
supplies were always inadequate. The need for 
black-out precautions curtailed working hours 
in the winter, and at times men, and quite old 
men, had to work and grope about on stagings 
almost in darkness and in winter gales and snow 
under almost incredibly severe conditions. Hours 
were long and overtime included Sundays. To 
these inconveniences one might add insufficient 
nourishment when reckoned by what these 
heavy manual workers were accustomed to in 
normal times, and the general anxiety of the 
civil population. All these added their quota 
to fatigue and loss of efficiency. 

Yet, in spite of it all, the work went forward. 
The measure of naval output has not been 
announced. More is known about the mercantile 
effort and many yards and districts surpassed 
all their previous best. This was particularly 
noticeable in the yards of the North-East Coast 
. of England which is primarily a tramp ship 
building centre. On the River Wear most of 
the yards made new records. Thus, Joseph L. 
Thompson and Sons, Limited, whose standard 
ship became the prototype for all the Liberty 
ships, and who had established a shipbuilding 
peak in 1907 with 48,200 gross tons, turned out 
79,650 tons in 1941, 72,000 tons in 1942, and 
52,750 tons in 1943, the drop in 1943 being due 
to two air raids. The Clyde did not lag, although 
there was a greater concentration of naval 
activity there and because of it the labour force 
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as makeshift warships, cruisers, destroyers, cor- 
vettes, and frigates were built, and when these 
were completed and commissioned the auxiliary 
cruisers could be readapted for trooping or for 
other direct war purposes. 

Liners designed for the carriage of passengers 
in comfort transported immensely increased 
complements of troops to Africa by the long 
ocean voyage by the Cape of Good Hope and so 
made practicable the driving back of the enemy 
from the approach to Egypt by the British army 
under General Wavell ; they made possible the 
landing on the North African Coast which en- 
abled the enemy to be pressed by forces from the 
north as well as from the south and drove him to 
try to escape by sea ; they carried troops to Sicily 
and then to Italy, and they shared in the landings 
on the coast of Normandy in June, 1944. Par- 
ticularly in the. landing operations in the Mediter- 
ranean heavy toll was taken of some of the 
finest ships in the British merchant fleet. That 
was part of the price which had to be paid for 
the victories. Other passenger vessels, large and 
small, have done fine service as hospital ships. 

With the experience of the earlier German 
war in mind the Government and the shipping 
industry realized that in order that ships might be 
directed quickly to whatever purpose was most 
urgent they must be brought under central 
control. After vessels had been withdrawn by 
the Admiralty from trading for direct war needs 
more and more ships were requisitioned for 
Government work. An early example of the 
change due to the war was the necessity of 
ordering cargo ships to the North Atlantic route 
to load grain in North America, since this was 
the nearest source of supply. This direction 
meant the employment during wintry weather 
of ships in trades for which in ordinary times 
they would not have been chartered by their 
owners. The decision was symptomatic of a 
great deal that was to follow. Ships have been 
engaged in trades for which they were not designed. 
Vessels planned to carry fruit transported cargoes 
of meat. For long periods liners never entered 
ports at which they regularly called in peace- 
time and they have appeared in many other parts 
of the world where previously they were never 
seen. They have acquitted themselves well in 
trades for which in ordinarj' times they would 
have been regarded as entirely unsuitable. Par- 
ticularly hazardous duties included participation 
in the heroic convoys to Malta when the Mediter- 
ranean was infested with the enemy, and tr>'ing 


to make their way, mostly with success, in arctic 
conditions, exposed to fierce enemy attacks, to 
Northern Russia with munitions and other 
supplies urgently needed by our ally. 

All this direction was achieved, first by the 
creation of a Ministry of Shipping staffed by 
shipping officials and Civil servants. The vessels 
were requisitioned, and, excepting those com- 
missioned by the Admiralty, their management 
continued to rest with their owners. The latter 
saw that they were properly manned and \^ictualled 
and the Ministry decided on the work on which 
the vessels should be engaged and to what ports 
they should proceed. The Ministry worked in 
conjunction with the Ministries of Food and 
Supply and was able to plan to fulfil programmes 
for months ahead, always subject to the risk of 
withdrawal of tonnage for other and even more 
urgent purposes. 

The responsibility of negotiating the terms on 
which the vessels should be hired to the Govern- 
ment rested with committees representing the 
Chamber of Shipping and the Liverpool Steam 
Ship Owners’ Association. From the outset all 
thought of war profits was put aside. The 
principle of payment was that the operating 
expenses of the ownerships should bexovered by 
the Government, and that in the terms of hire 
a proper provision for current depreciation should 
be included and also for a reasonable return upon 
capital. These latter two provisions were inter- 
preted as being 5 per cent, for depreciation and 
5 per cent, for interest on capital. The Govern- 
ment would not agree to include in the rates any 
allowance towards making good past arrears of 
depreciation or for building up a provision for 
replacement in future. At the same time the 
Government recognized that their predecessors in 
office during 1939 had foimd it necessary to 
formulate proposals for according financial 
assistance to British shipping which Parliament 
was invited to authorize by the British Shipping 
(Assistance) Bill, 1939. The progress of this 
legislation was interrupted by the outbreak of 
war, and the Government recorded their recog- 
nition of the need to maintain the British mer- 
cantile marine in adequate strength and in a 
position of full competitive efficiency. 

These statements of the Government have 
been recorded by leaders of the shipping industry 
from time to time, particularly when they havc"^ 
been faced with the prospect of prices for re- 
placing ships lost much in excess of the pro- 
vision they have made over the years for depre- 
ciation, together with the recovery of amounts 
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as competitors. To this must be added the 
efficiency of, and confidence in, tlic concentrated 
direction, first, through the Directorate of 
Merchant Shipbuilding and Repairs, which was 
part of the Ministry’ of Shipping created in 1939, 
and then, early in 1940, through the organization 
centralized at the Admiralty. This had Sir James 
Lithgow as Controller of Merchant Shipbuilding 
and Repairs and a member of the Board, and, 
until recent months. Sir Amos L. Ayrc as Deputy 
Controller and Director of Merchant Ship- 
building. 

27 

MERCHANT SHIPS 
MOBILIZED 

A lthough sea transport was destined to 
play a dominant part in the African, 
European, and Far Eastern wars, the 
British mercantile marine was utterly unprepared 
for the outbreak of hostilities in 1939, and for the 
tremendous tasks which it was to be called upon 
to undertake. Confronted by foreign mercantile 
marines heavily subsidized by their governments 
with war purposes in view, notably the Italian and 
Japanese merchant navies, and having to compete 
also with merchant fleets whose expenses, owing 
to lower standards of living, were less, the British 
mercantile marine for years declined in numbers 
of vessels actually and in its proportion of the 
total volume of world shipping, while the shares 
of many other merchant fleets increased vastly. 

In June, 1939, the British merchant fleet com- 
prised 6,722 vessels of 17,891,000 tons gross, a 
reduction of 1,865 ships and 1,001,000 tons, being 
5.3 per cent., compared with the summer of 1914, 
just before the outbreak of the first world war. 
It is true that the shipping owned in the British 
Dominions expanded somewhat during the 25 
years, but much of this growth represented 
shipping wanted for local needs. 

Allowing, however, for all these oversea ships, 
the British mercantile marine was only slightly 
larger in volume — by 2.3 per cent, (a negligible 


increase compared with the growth of other 
European merchant fleets) — and it numbered 
1 , 146 fewer vessels. Remembering how important 
in war-time is the number of units, it is plain that 
the lessons of the earlier war, when the position 
of Great Britain became critical owing to loss of 
shipping, had not been learned. 

Tlie insufficiency of the British mercantile 
marine at the outbreak of war in 1939 would 
have been much more serious if, while British 
Governments had starved the shipyards of naval 
work, British shipping lines had not contracted 
for passenger and cargo liners of the finest types. 
Shipbuilding firms which had concentrated on 
warships had to compete for the building of 
merchant vessels, and some of the lines contracted 
for ships in advance of the actual current demand 
for accommodation. These ships were built 
solely for peaceful trading. Some of them made 
a very few voyages, and one or two of them none 
at all, before their fine accommodation had to be 
tom out of them and the hulls prepared for com- 
missioning as merchant cruisers or as transports. 
Sooner or later all took active parts in the greatest 
and most beneficent uses to which sea power has 
ever been put. 

Of the reduced amount of British merchant 
shipping available in September, 1939, not all 
could be adapted even to the transport of troops 
or could be employed in the carriage of essential 
cargoes. Owing to a great lack of cruisers, to a 
considerable extent the mercantile marine had to 
rely on its own vessels for protection, though 
manned partly by naval officers and ratings. 
Some of the finest merchant ships were directed 
at once to be commissioned by the Admiralty as 
auxiliary cruisers and to act as escorts to convoys. 
So there were heroic episodes like the destruction 
of the P. and O. liner Rawalpindi when, on patrol 
duty in the North, she encountered a heavily 
armed German warship, and the sacrifice of the 
Commonwealth liner Jervis Bay, which steamed 
to meet a battleship in the North Atlantic, her 
captain knowing that she was doomed but giving 
time for the escape of vessels in the convoy she 
had been guarding. Obviously neither of these 
ships had the slightest prospect of survival when 
in the course of duties for which she was quite 
unfitted she met an enemy warship with far 
superior armament. Even ships built for the 
carriage of bananas were fitted to act as naval 
auxiliaries. While merchant vessels were acting 
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The Spitfire, famous as a fighter, 
fighter bomber, and reconnais- 
sance aircraft. 
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BRITISH AIRCRAFT 
CONSTRUCTION 

F or much of the 21 years between the wars 
the British aircraft industry fought a bitter 
struggle for existence. A sturdy infant in 
1914, the first world war forced its growth to 
giant stature in the space of less than four years. 
At the Armistice of 1918 it was producing 
aeroplanes at the rate of 3,000 a month — and 
was still expanding. From its factories poured the 
fighters and bombers which sustained the strongest 
air force in the world— -Uic Royal Air Force, 
which in two years after the last shots had been 
fired was reduced to less than a tenth of its war- 
time strength. 

The effect on the aircraft industry of so drastic 
a reduction in the service was aggravated by an 
unwise policy of disposal of the mass of aircraft, 
aero engines, and of the numerous accessory 
articles which make up the complete aeroplane 
and power plant. These were permitted to get 
on to the market in quantities sufficient to 
absorb all post-war demands, and the workers 
and shareholders in the industry suffered accord- 
ingly. Many of the accessory articles, too, were 
put to uses for which they were not designed or 
intended, and the good will of the manufacturers 
suffered. 

Five years after 1918, therefore, the giant had 
lost his fat and much of his essential muscle. He 
was nearly a case of malnutrition. It needed 
determination and faith to stay in the aircraft 
industry in those days, and it is to the lasting 
credit of the industry’s pioneers that they did so. 


Tlicir countrj' was abundantly the gainer when the 
sterner trials of the second world war began. 

For the British aircraft technicians had not 
been idle. Year after year they produced the 
world’s most efficient fighters and light bombers. 
Tliey continued steady development of the night 
bomber, which led ultimately to the great four- 
engined bombers of the present day, with the 
12,0001b. and 22,0001b. earthquake bombs that 
no foreign bomber can lift. They made a great 
variety of landplancs and seaplanes for army 
cooperation, for the Fleet Air Arm, for commer- 
cial aviation — the last-mentioned group including 
the world’s first large four-engined airliners and 
the first fleet of large flying-boats. They pursued 
research and development into armament, and 
many other branches of combat aeroplane 
development. Encouraged by a far-sighted and 
imaginative Air Staff, they looked ahead. For- 
tunately they saNV more clearly and looked farther 
ahead than the men behind the Luftwaffe. 

Tlie industry went abroad for orders. For some 
years — imtil the Royal Air Force expansion pro- 
gramme began to absorb all their efforts — ^British 
aircraft and associated manufacturers led the 
world's air export trade. Much of the profits of 
that hardly won trade was ploughed back in the 
form of new research equipment at the factories, 
and new plant, thereby accelerating the advance 
of the art and bringing rich technical harvest 
when the need was greatest. 

The upward trend to meet the resurgent 
demands of the growing Royal Air Force began, 
though but slowly, in 1935. It is one measme 
of the immensity of the industry’s effort that in 
the ensuing eight years the labour force employed 
by British aircraft firms grew by more than 4,000 
per cent., to a peak early in 1944 of no fewer than 
1,821,000 men and women. 
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MERCHANT SHIPS MOBILIZED 


due under war insurances for vessels i - • Mean- 
while, the terms have been adjustod fu > 'odically 
when it was found that working co-,!, had risen 
above the allowances made and tin, margin 
remaining was not suiTicient to leave owners 
with the 10 per cent, for dcprc.iaiMM .oid interest 
combined which had been tcnera’i> .ee ninizcd 
as being only moderate pro' ision. 

In May. 1941. the .Ministry of Simpng was 
merged into a Ministry of V. <’.r frai. p> rt which 
brought within its control all d rrns ol trans- 
port (except air) including railu.i roads, and 
canals, as well as the ports. Lord Leathers was 
appointed Minister and full cn'cct v.as tlien given 
to the principle that the transport o', goods from 
the interior of one country until ihe\ were 
delivered where they were needed oveisca was 
one of continuous movement. The adoption 
of this principle meant the exercise, for the pur- 
pose of the war, of the utmost economy in service 
and time. The operations covered the delivery 
of the goods at an oversea port, their transport 
in ships forming parts of convoys, their discharge 
at ports in Europe and their loading into railway 
wagons for dispatch internally by rail or into 


Ion-.' for movement by road. Every phase of 
tr.u; "iort was carefully watched and supervised 
in order to expedite transit and avoid conge.stion. 
The work of controlling the movements of vast 
au-.,'ities of merchandise formed part of the 
light against the enemy in his attempts to deprive 
i' r- country of transport. 

Other aspects of the same fight were the 
destruction of enemy surface vessels and sub- 
marines by the Navy and the Royal Air Force. 
The fight continued during the trying period of 
1942. through 1943, when it began to turn in 
favour of the United Nations, and throughout 
1944. when the United Nations had got the better 
of the enemy and immense numbers of vessels 
took part in the landings on the Continent which 
led directly to the collapse of Germany. In 
1945 there remained the need vigorously to carry 
on the war with Japan and, consequently, to 
adapt large numbers of vessels for service in the 
Far East, to bring food to Europe, parts of which 
were on the verge of starvation, and to carry 
immense numbers of fighting men from the 
European battlefields to the Far East or to their 
homes. 



Prefabrication contributed to the speedy building of cargo ships during the war. These 
men are working on an engine for one of the 10,000-ton cargo ships which were produced 

in considerable numbers. 


The Spitfire, famous as a fighter, 
fighter bomber, and reconnais- 
sance aircraft. 
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BRITISH AIRCRAFT 
CONSTRUCTION 

F or much of the 21 years between the wars 
the British aircraft industry fought a bitter 
struggle for existence. A sturdy infant in 
1914, the first world war forced its growth to 
giant stature in the space of less than four years. 
At the Armistice of 1918 it was producing 
aeroplanes at the rate of 3,000 a month — and 
was still expanding. From its factories poured the 
fighters and bombers which sustained the strongest 
air force in the world — the Royal Air Force, 
which in two years after the last shots had been 
fired was reduced to less than a tenth of its war- 
time strength. 

The effect on the aircraft industry of so drastic 
a reduction in the service was aggravated by an 
unwise policy of disposal of the mass of aircraft, 
aero engines, and of the numerous accessory 
articles which make up the complete aeroplane 
and power plant. These were permitted to get 
on to the market in quantities sufficient to 
absorb all post-war demands, and the workers 
and shareholders in the industry suffered accord- 
ingly. Many of the accessory articles, too, were 
put to uses for which they were not designed or 
intended, and the good will of the manufacturers 
suffered. 

Five years after 1918, therefore, the giant had 
lost his fat and much of his essential muscle. He 
was nearly a case of malnutrition. It needed 
determination and faith to stay in the aircraft 
industry in those days, and it is to the lasting 
credit of the industry’s pioneers that they did so. 


Tlieir country was abundantly the gainer when the 
sterner trials of the second world war began. 

For the British aircraft technicians had not 
been idle. Year after year they produced the 
world's most efficient fighters and light bombers. 
Tliey continued steady development of the night 
bomber, which led ultimately to the great four- 
engined bombers of the present day, with the 
12,0001b. and 22,0001b. earthquake bombs that 
no foreign bomber can lift. They made a great 
variety of landplanes and seaplanes for army 
cooperation, for the Fleet Air Arm, for commer- 
cial aviation — the last-mentioned group including 
the world’s first large four-engined airliners and 
the first fleet of large flying-boats. They pursued 
research and development into armament, and 
many other branehes of combat aeroplane 
development. Encouraged by a far-sighted and 
imaginative Air Staff, they looked ahead. For- 
tunately they saw more clearly and looked farther 
ahead than the men behind the Luftwaffe. 

The industry went abroad for orders. For some 
years — ^until the Royal Air Force expansion pro- 
gramme began to absorb all their efforts — British 
aircraft and associated manufacturers led the 
world’s air export trade. Much of the profits of 
that hardly won trade was ploughed back in the 
form of new research equipment at the factories, 
and new plant, thereby accelerating the advance 
of the art and bringing rich technical harvest 
when the need was greatest. 

The upward trend to meet the resurgent 
demands of the growing Royal Air Force began, 
though but slowly, in 1935. It is one measure 
of the immensity of the industry’s effort that in 
the ensuing eight years the labour force employed 
by British aircraft firms grew by more than 4,000 
per cent., to a peak early in 1944 of no fewer than 
1,821,000 men and women. 
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Major factors in this stupendous achievement 
were the shadow factory scheme and the group 
system of production. Originated in 1936 by 
Lord Swinton, then Secretary of State for Air, 
the “ shadow ” scheme was a powerful medium 
for the introduction to aircraft and aero-engine 
manufacture of companies engaged in other 
industries, notably at first in the motor-car 
industry and later in others. 

Concurrently with the begimiings of the 
“ shadow ” scheme, a few large engineering con- 
cerns, mostly from the electrical and shipbuilding 
industries, entered the field of aircraft manu- 
facture. This movement, at first a trickle, became 
a mighty stream with the imminence of war. It 
may be regarded as the direct forerurmer of the 
“ group ” system which, to mention three main 
operational types alone, has been applied to the 
manufacture of heavy bombers, fighters, and 
torpedo-bombers. 

The working of the scheme is admirably exem- 
plified in the production of the Halifax heavy 
bomber. The parent design company had the co- 
operation of four main contractors — one a 
company in the aircraft industry itself ; another 
a motor-car manufacturer who had been in 
charge of a “ shadow ” factory since 1936 ; the 
third an electrical concern which began aircraft 
manufacture in 1937 ; the fourth a “ group 
within the group,” under the management of the 
London Passenger Transport Board. 

Each of the four contractors built entire air- 
craft. In the case of the group within the group 
manufacturing processes were divided among the 
firms which made it up — one built centre sections, 
another front fuselages, another rear fuselages, 
while another constructed the complete tail unit. 

A great responsibility fell on the parent com- 
pany. Early in 1940 it formed a special depart- 
ment called the Outside Production Olficc, which 
had to deal not only with the group but also with 
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re,, .c, to the company’s aircraft in Great Britain 
and f. anada. This “ O.P.O.” arranged facilities 
at tnc parent company’s main factory for the 
training of key workers from the group plants in 
production methods and inspection. It supplied 
technical information, including copies of air- 
frame drawings, drawing modifications, and 
amendment sheets, component schedules of 
parts, lists of material requirements, and amend- 
ments corresponding to modifications, and plan- 
ning operation sheets. It also directed the supply 
of templates, sample parts, and components for 
use in the preparation of jigs and tools. It 
supplied information and drawings for all jigs 
and tools and main assembly jigs. It helped the 
“ daughter ” firms in connexion with drawings, 
materials, and methods of manufacture. It 
advised and gave technical approval on repairs 
and, where possible, approved parts which were 
not to drawing and might otherwise have been 
scrapped — which entailed numerous visits by 
technical staff to the “ daughter ” firms and much 
close liaison work. 

In short, the parent company acted as the con- 
sulting engineer for the group, with the main 
responsibility of proving the jigs, settling the 
manufacturing layout, and placing its experience 
unreservedly at the disposal of its daughters. 

Similarly, centralization was the keynote for 
the supply of materials. Each company returned 
to a central office a list of all shortages as 
against the “ target ” requirements. Each com- 
pany’s needs for “ embodiment loan ” and pro- 
prietary articles were similarly listed, and ad- 
justed month by month to show the delivery 
position to date. A network of committees and 
sub-committees, which called where necessary on 
the cooperation of Ministry officials, correlated 
major changes in production ' programmes, 
materials, and “ embodiment loan ” difficulties, 
and problems of supply which needed adjust- 


The Meteor, the It.A.h'. jel- 
propelled fighlcr iiircriil't. 'I'hin 
single-seat fighter iii powered l)y 
two gas jet tiirhine Welliiiul or 
Derwent engines, It wits used 
against (lying-honihs In I9'14. 
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mcnl within the group, or additional demands on 
other manufacturers. Spares requirements, 
allocated by the O.P.O., were also interlinked by a 
special committee. 

The design company’s local technical com- 
mittee met frequently to discuss changes needed 
to give improvements in performance or to meet 
changing problems of the air war. 

That was the general scheme of things for the 
production of the mighty armada of heavy 
bombers. The set-up was duplicated for the pro- 
duction of other types of aircraft, though with 
that flexibility wJiich is characteristic of British 
industry', it was modified in detail to suit the 
differing conditions of production. 

The men who flew the aeroplanes could depend 
on the industry always to adapt itself to new con- 
ditions and new methods of warfare as they arose. 
Moreover, the industry’s technical development 
and design marched always in harmony with Air 
Staff policy, producing first the fighters whose 
heavy armament and protective armour contri- 
buted so much to the defeat of the Luftwojfc in 
1940, and later rolling out in ever-increasing 
numbers the great four-engined bombers needed 
to pound German industry into the dust. As 
long ago as 1936 the Air Staff adopted the policy 
of stepping iip the destructive power of the 
individual aeroplane by increasing its size and 
the weight and destructiveness of the bombs it 
could carry. So doing, they economized in air- 
crew man-power, eliminated congestion at air- 
fields, and enabled “ saturation ” raids to be 
made in tremendous strength — culminating in 
such raids as that on Essen in the spring 
of 1945, when no less than 5,000 tons of bombs 
were dropped in approximately 20 minutes. 

During the last full year of the war — 1944 — 
Bomber Command alone dropped on military 
objectives 525,000 tons of bombs. These bombs, 
carried for the most part in Lancaster and Halifax 
heavy bombers, aggregated more than twice the 
total weight of bombs dropped in the first four 
and a quarter years of the war. This, of course, 
did not represent the complete British bombing 
effort. The Spitfire, Tempest, Typhoon, Hurricane 
and other single-seat fighters of R.A.F. Fighter 
Command made extensive fighter-bomber attacks 


on enemy concentrations. Also there was the 
great activity of the Coastal Command, Fleet Aii 
Arm, and the Tactical and Strategic Air Forces, 

This extensive bombing plan was based on the 
belief that the Nazi military industrial output 
could be broken by large-scale bombing attacks 
and that British ingenuity could devise methods 
whereby night attacks could be made without 
recourse to the wastage inseparable from indis- 
criminate bombing. 

Events proved tlic soundness of this belief. 
As the war progressed and the four-engined 
bomI>crs planned in 1936 became operational, so 
the .scope and range of the night bombing offensive 
grew more intense and more exact. To the de- 
structive powers of huge bombs weighing 4,000, 
S.OOO, 12,000, and finally 22,000 lb., was added 
the simplification of target location made possible 
by the use of pathfinders, who marked the 
objective with flares, and later by the introduction 
of the master bomber, who directed the attack on 
the spot. 

By thc.se methods and with the help of scientific 
instruments devised by British scientists it was 
possible for Bomber Command, on occasion, to 
concentrate upon a single target a force of more 
than a thousand aircraft and to deliver an attack 
with a force of this size in le.ss than half an hour. 

Although the methods adopted lightened the 
task of individual aircrews in locating the targets, 
they did not sanction any reduction in the quality 
of the aircraft, in the elaborateness of their 
equipment, or in the competence of their crews. 
Each bomber was a complete unit in itself, 
equipped with every essential instrument and 
armed for its own protection. Navigation to and 
from the target area remained an individual 
responsibility, as did the release of each bomb. 
The self-sufficiency of these heavy British bombers 
was often proved. Sometimes one would become 
parted from the main force, but unless a serious 
defect forced a return the crew would go on to 
bomb alone, knowing that they would expose 
thernselves to the concentrated attention of the 
enemy’s defences. The utter devastation of 
Germany’s industrial centres is proof enough of 
the wisdom of this policy. 

But the history of Great Britain’s bombing 
policy goes farther back than this. In 1918, when 
the Royal Air Force was founded, British strate- 
gists expressed their recognition of the fact that 
successful bombing demanded the big bomber 
able to carry big bombs. The first British twin- 
engined “ heavy ” bomber was in design and 
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Major factors in this stupendous achievement 
were the shadow factory scheme aiui the group 
system of production. Originated in 1936 by 
Lord Swinton, then Secretary of State for Air, 
the “ shadow ” scheme was a powerful medium 
for the introduction to aircraft and aero-engine 
manufacture of companies engaged in other 
industries, notably at first in the motor-car 
industry and later in others. 

Concurrently with the beginrungs of the 
“ shadow ” scheme, a few large engineering con- 
cerns, mostly from the electrical and shipbuilding 
industries, entered the field of aircraft manu- 
facture. This movement, at first a trickle, became 
a mighty stream with the imminence of war. It 
may be regarded as the direct forerunner of the 
“ group ” system which, to mention three main 
operational types alone, has been applied to the 
manufacture of heavy bombers, fighters, and 
torpedo-bombers. 

The working of the scheme is admirably exem- 
plified in the production of the Halifax heavy 
bomber. The parent design company had the co- 
operation of four main contractors — one a 
company in the aircraft industry itself ; another 
a motor-car manufacturer who had been in 
charge of a “ shadow ” factory since 1936 ; the 
third an electrical concern which began aircraft 
manufacture in 1937 ; the fourth a “ group 
within the group,” under the management of the 
London Passenger Transport Board. 

Each of the four contractors built entire air- 
craft. In the case of the group within the group 
manufacturing processes were divided among the 
firms which made it up — one built centre sections, 
another front fuselages, another rear fuselages, 
while another constructed the complete tail unit. 

A great responsibility fell on the parent com- 
pany. Early in 1940 it formed a special depart- 
ment called the Outside Production Office, which 
had to deal not only with the group but also with 


repairs to the company’s aircraft in Great Britain 
and Canada. This “ O.P.O.” arranged facilities 
at the parent company’s main factory for the 
training of key workers from the group plants in 
production methods and inspection. It supplied 
technical information, including copies of air- 
frame drawings, drawing modifications, and 
amendment sheets, component schedules of 
parts, lists of material requirements, and amend- 
ments corresponding to modifications, and plan- 
ning operation sheets. It also directed the supply 
of templates, sample parts, and components for 
use in the preparation of jigs and tools. It 
supplied information and drawings for all jigs 
and tools and main assembly jigs. It helped the 
“ daughter ” firms in connexion with drawings, 
materials, and methods of manufacture. It 
advised and gave technical approval on repairs 
and, where possible, approved parts ii’liich were 
not to drawing and miglit otherwise have been 
scrapped — ^which entailed numerous visits by 
technical staff to the “ daugliter " firms and much 
close liaison work. 

In short, the parent company acted as the con- 
sulting engineer for the group, with the main 
responsibility of proving the jigs, settling the 
manufacturing layout, and placing its experience 
unreservedly at the disposal of its daughters. 

Similarly, centralization was the keynote for 
the supply of materials. Each company returned 
to a central office a list of all shortages as 
against the “ target " requirements. Each com- 
pany' s reeds for "emibodrment loan " and pro- 
prietary arricles were similarly listed, and ad- 
justed mcn± by month to show the delivery 
posmon to cate. A network of committees and 
sub-committees, which called where necessary on 
the cooperation of Ministry officials, correlated 
major changes in production programmes. 
matenals, and “ embodiment loan ” diffiodties. 
and problems of supply which needed adrrs*- 


The Meteor, the R.A.F. jet- 
propelled fighter aircraft. This 
single-seat fighter is powered by 
two gas jet turbine Welland or 
Derwent engines. It was used 
against flying-bombs in 1944. 
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their having to be used by inexperienced aircrews 
in the early stages of training all help to make 
heavy casualty lists of the aeroplanes themselves. 

Steps were taken to provide for repairs, 
however heavy they might be, for every aircraft 
repaired was equivalent to a like increase in 
output. During one year alone 18,000 aircraft 
underwent major repair and were returned to 
the combat list. Up to the middle of 1944 60,000 
aircraft were repaired after major damage and 
returned to full service in an average time of 
eight weeks an aircraft. The Civil Repair Organi- 
zation employed tens of thousands of workers. 

British manufacturers faced a host of diffi- 
culties — many of them unshared by our American 
allies in their own magnificent production effort — 
in trying to step up output to an unprecedented 
level. There was the black-out and its accom- 
panying irritations — screening of factory windows 
and hindrance to transportation. There were 
labour problems galore — thousands of workers 
needed by every main contractor for every 


100 employed before 1935. There was the intro- 
duction of women into the industry and the 
necessary instructional courses. Men and 
women — ^from the schoohoom and the office, 
from the farm and the departmental store- 
had to be trained to do what up to then were 
regarded as highly specialized jobs. . Not the 
least of the industry’s handicaps was the dispersal 
of its production, which was rightly insisted 
upon by the Government to prevent serious 
damage by air attack. 

The growth of the aircraft industry during 
the war can perhaps best be illustrated by taking 
one of the principal companies, which in January, 
1938, consisted of a single organization of three 
separate factories under one control and all 
in the same area, one small sheet-metal unit 
near by, two elementary flying training schools 
and one navigation and wireless school. By 
1943 the company’s organization was in four 
separately managed divisions, the different 



A view of the main shop of an aircraft factory showing Bristol Blenheim bombers being completed. 



The Lancaster bomber, one of the group of three four-engined aircraft— Lancaster, Halifax, and Stirling— which 
new meaning to strategic bombing. Lancasters were used on many of the biggest and most important attacks on ind 
^ Germany. 


production in 1915. Fleets of these aircraft did 
valuable work and initiated strategic bombing 
with the Independent Air Force in the later 
phases of the 1914-18 war. When the Armistice 
was signed in 1918, their successors— four- 
engined biplanes, weighing, fully loaded, nearly 
15 tons, and designed to carry l,0001b. of bombs 
to Berlin — were waiting for the order to attack 
the German capital. 

Rundstedt has stated that the biggest single 
reason why Germany lost the war was the strategic 
bombing by the British and American Air Forces 
which paralysed the German war machine. 
Kesselring provided corroborative testimony. He 
ascribed Germany’s defeat to : — (1) Strategic 
bombing of communications behind the lines ; 
(2) fighter-bomber attacks ; and (3) bombing of 
the German war industries. 

Although in 1936 specifications of a new fleet 
of strategic bombers were drawn up and design 
and construction put in hand, not one of these 
new types was ready for squadron service when 
war began in 1939. The initial attacks on 
Germany were therefore made by twin-engined 
Wellingtons, Whitleys, and Hampdens. 

By 1941 the factories had been geared for 
high-speed production and the new four-engined 
bombers — Halifax, Lancaster, and Stirling — 


were soon giving a new meaning to strategic 
bombing. 

But even this did not satisfy the Air Council 
or the industry. British determination to bomb 
the enemy with every available weapon and the 
unfolding of a new technique of low-level 
“ precision ” attack led to the introduction of 
the unarmed twin-engined Mosquito bomber, 
which delivered 4,0001b. bombs over long ranges 
at fighter speed — more than 100 miles an hour 
faster than standard American four-engined 
bombers carrying approximately the same bomb- 
load. 

The Mosquito has proved a splendid example 
of the flexibility of the British aircraft industry. 
Built as a bomber, it later became a recon- 
naissance aircraft, target marker, day and night 
fighter, fighter-bomber, U-boat hunter, and fast 
transport. Its prowess — the proof of the wisdom 
of its designers — may be seen in the fact that in 
the final 36 consecutive night bombings of 
Berlin Mosquito losses, in thousands of sorties, 
were about one-half of 1 per cent. 

An important section of the aircraft industry 
in war-time has been concerned with repair. 
Aircraft face many hazards, apart from enemy 
gunfire and bombs. Weather and landing on 
improvised airfields and the disadvantage of 
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:^avilland Mosquito which was used with great clTcct in the consistent night bombing of Berlin. It was used as 
reconnaissance aircraft, target marker, day and night fighter, fighter-bomber, U-boat hunter, and fast transport. 


It would be impossible to estimate how many 
thousands United States bomber crews may since then 
have owed their lives to these plugs. . . . 

“ . . . The British made available to the United 
States all the formulae, designs, and production 
technique involved in this plug, and Chinese copies 
of it are now being mass-produced in the United 
States to meet our operational needs in theatres all 
over the world.” 

Then there was, of course, the question of 
supplies of raw materials. This problem was 
a real one for the industry. As the U-boat 
warfare became more intense and ships were 
lost when on their way to Great Britain with 
precious cargoes, the aircraft manufacturers 
had to look to other sources of supply and to 
compromise with materials conveniently available 
in this country. 

This often required research to meet a crisis. 
Here is an example of the study and research 
into technical matters which British industry 
undertook during the lean years between the 
wars : an alloy, developed as long ago as 1927, 
to fufil the requirements for castings for a parti- 
cularly highly stressed aero-engine, is still in 
service. This alloy has been modified from time 
to time, but it still satisfies both the engineers 
as regards its performance in high output engines 
and the foundry production engineers and 
metallurgists in its suitability for the production 


of sand, die, and pressure die casts in high- 
quantity production. It is a tribute to the 
inventors of this alloy and to those entrusted 
with its subsequent development that when 
manufacture of a particular aero-engine was 
undertaken in the United States during the war 
attempts to replace this alloy with one of more 
modern development were unsuccessful. 

Before the war the output in Great Britain 
of aluminium castings averaged about 10,000 
tons yearly. By 1944 annual production had 
reached 65,000 tons. The increase in production 
of magnesium castings was even more spectacular 
— from 400 tons in 1936 to 23,000 tons in 1943. 

Official recognition of the enterprise of the 
aircraft and its associated industries has been 
generous. Only recently the report of the Govern- 
ment’s Select Committee on National Expenditure 
criticized wasteful expenditure, due largely to 
starvation of research between the wars, and 
paid great tribute to the aircraft industry of this 
country. 

In spite of disabilities, the report states, 
excellent results were in many instances ultimately 
achieved by ingenious and sensible improvisations 
and by the unremitting work of innumerable 
individuals and organizations in science, industry, 
and the public service. As an example, the 
report cites the results that flowed from the 
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establishments totalled 150 and 'd: number 
of employees had increased elevenn-ld. 

Taking the industry as a wlioi., the total 
number of establishments in \vhict> the work of 
19 leading aircraft and aero-engine companies 
was carried on was 52 at the beginning of 1938. 
By January, 1943, this number had grown to 
473, the establishments being scattered all over 
the country. Moreover, the figure of 473 covered 
only establishments employing more than 100 
workers. The actual number of units was much 
larger. 

One group of companies alone at its peak 
employed more than 100,000 men and women 
The group’s output represented some 30 per 
cent, of all the aircraft supplied to the R.A.F. 
from British factories during the war against 
Germany. It turned out 40,089 aeroplanes of 
various types and 38,564 aero-engines, as well 
as 6,774 tank gear-boxes and 11,882 torpedo 
engines. In addition, it repaired and returned to 
service 11,010 aircraft and 9,777 aero-engines. 
The Roup’s products included such famous 
fighters as the Hurricane, Typhoon, and Tempest ; 
the Lancaster heavy bomber and its still bigger 
brother, the Lincoln. The same group also 
provided the airframe for the first British-made 
jet-propelled fighter, the E27/39, from which the 
Meteor, the first allied jet-propelled fighter to 
go into action, was developed. 

Tlie development of the gas turbine is another 
branch of aeronautical science in which the 
British industry led the world. Both Britain 
and the United States have benefited from the 
pioneer work which Group Captain (now Air 
Commodore) Frank Whittle undertook in per- 
fecting a gas turbine. More recently a British 
company has produced the jet-propelled Vam- 
pire, for which it also made the engines, wifile 
two other companies have announced that the}' 
are developing gas turbine “ jet ” engines. 

The principal manufacturers in the arrcrm: 
industry had to design their new factoiies am: 
took charge of the building of them. TLe 
industry was also faced with the new ane mrrrm- 
ant responsibility of supervising Cs zar- 
contracting of jobs to thousands of 
which had never before had any expsrsms r 
the aircraft industry. 

It was in a large measure the fie-ef—ersm 
of the shadow factories which hshed .s: 
the Luftwaffe out of the skies. 
other factors — the outstanding techsha? ai tr-e 
made in this country, the 
flexibility of the British ineur-g ss steer, er-er- 


need. Hurricanes and Spitfires, now nearly 10 
years old (a good age for an aeroplane), advanced 
in speed, fire-power, and manoeuvrability as the 
menace to our shores became greater ; the 
Lancaster and the Halifax carried bigger and still 
bigger bomb loads ; the Mosquito was devised 
to bomb and. evade its attackers merely by its 
speed. There are many examples of this flexibility 
in the war-time development of the British air- 
craft industry. Always, in every emergency, the 
designers and builders got together to produce 
something to meet it. 

Few of the main manufacturers escaped war 
damage in sbme way or another. German raiders 
early in the war, whether by design or chance, 
dropped their loads on or- near several of our 
leading aeroplane factories. But improvisations 
and flexibility were the watchwords and the 
industry did not allow damage to factories to 
affect their output unduly. 

There is another important aspect of the air 
war production picture. On the technical side, 
whether it be in connexion with aircraft, aero- 
engines, airscrews, or other components. Great 
Britain has long led the way. So she did even 
when the cry was for more and more aeroplanes, 
when one would think that the quantity of the 
existing t^^ies was more important than striving 
for new things. But not so. Take, for example, 
aero-engine sparking plu^. 

Before the vn-st began it appeared that the 
aero-engine had. teahnicall}', outpaced its plug. 
So research fcr h.e purpose of solving plug 
tronhZes arising hem the use of higher operating 
asmpsmmres ann pressures and the intro- 
hnrhm cf chemically treated fuels was begun. 
The chief cimmlty was to find a satisfacton' 
hsmiring mamriai to replace mica. 

Hismhcai pcrcelain and steatite were found 
m mme grod msulaiing qualities, but fell short 
m ms rmndard required. Then the scientists 
reman a smny resulting in the disco'.'er;>' of a ne'*v 
nrmannr whi^h has an electrical resistance, when 
.mm -a rnmicen tunes greater, and a tspacity lo 
mmna.re neat 20 times greater, than electrics: 


herhape the greatest tribute to 
^rematr.- in this field v.ps paid by 
mnener-ei:. In r€^\nz to a British 
in nhe last Lend-Lease ?veps)r. to 
ne^tOTe his death, he stated t 


Britain's 

Bre^ident 



" - . - It hat e life fro-n four to f '-e ti.roes a: ior.r 
at £ ctancard aeropJa.oe spa.-k -tu' 

h'vST?' ' For.rets .has tahor. of fro:.- 
Brn-cr. hasetv/ith those pIuF-Sieoaoho' 'h 



BRITISH WAR PRODUCTION 

out of the cities and towns tliroughout the 
country) is aflcctcd by the special priority move- 
ments, which have to be fitted into the flow witii 
the least possible interference, and in this category 
arc the spectacular events of the war, such as 
Dunkirk (requiring 620 special trains), the North 
African Expedition (1,500 special trains). D-Day 
(24,500 special trains). Some idea of the mag- 
nitude of the task can be seen from the fact that 
in the last full year of the war, i.r., 1944, the main 
line railways ran 1,000 passenger miles per 
second and 800 freight ton miles per second 
throughout the year. 

The equipment at the disposal of the railways 
to deal with this huge irafiic was severely cur- 
tailed. The railway workshops were busily 
engaged in the production of munitions, and this 
put a brake on the construction and repair of 
locomotives and rolling stock ; moreoNcr. there 
were substantial transfers abroad of even what 
was available. The efleclive number of locomotives 
available to the railways from September. 1939, 
to the spring of 1 943 never exceeded by more than 
1 per cent, the number available immediately 
before the war ; thereafter, as the Government 
temporarily made available locomotives built in 
Britain and America for service abroad, the 
number rose slowly to reach a peak in July. 1944, 
of 8 per cent, above pre-war, after which date it 
fell as the locomotives were sent to the 
Continent. 

The railway traek has stood iip to war traffics 
far better this time than in 1914-18, although 
arrears of maintenance now represent over a 
year’s work. This will, of course, take a much 
longer period of time than a year to overtake in 
addition to current wastage, as most of it requires 
occupation of the track by the engineers between 
the passage of trains. The main reason why 
train speeds have not had to be restricted because 
of the condition of the track is the careful pre- 
paratory work which was done in the pre-war 
period. No fewer than 21,000 miles (/.e., three- 
quarters of the track) were completely renewed, 
and altogether £170,000,000 was spent on track 
modernization and re-equipment. There were 
also considerable advances in engineering and 
metallurgy, which increased the wear of the rails. 
Two promising track developments are the use of 
flat-bottom rails and concrete sleepers ; the former, 
particularly, shows signs of leading to improve- 
ment in maintenance. 

Space permits only this brief mention of the 
continual struggle which the managements had 


to gel and maintain the tools to do the greatest 
job in the history of railways. It is now necessary 
to trace the course of events as the war pro- 
ceeded. Before 1939, the preparations in the 
event of war had to be made in great secrecy 
and while normal business was carried on. 
The only indication in this period to the observant 
eye was the accumulation of materials and the 
erection of structures which could not be hidden. 
New passenger time-tables were compiled, and 
altcrnati\e plans were made for the diversion 
of freight to meet new conditions, such as diver- 
sions of shipping from one coast to another. 
Much of the work was precautionary, as no one 
knew how the war would develop. Consideration 
had to be given to the eflcct of air raids, and new 
regulations were made for the safe working 
of the railways under possible war conditions. 

A week before war was declared the pre- 
liminary stages in the changeover from peace 
to war were set in motion. Then, on September 1, 
1939, the Minister of War Transport took 
control of the railways, and the railway c.xccutive 
committee was appointed to act as the Minister’s 
agents for the purpo.se of giving directions to 
the companies, and, subject to such directions, 
the railways were instructed to carry on as 
usual. The. emergency passenger time-table 
was introduced, involving a severe curtailment 
of normal services ; after a few weeks people 
began to move about again, and sciA'ices and 
speeds were increased. 

The mobilization of the Forces lasted over 
three weeks and required some hundreds of 
special trains. Railway staffs were dispersed 
to emergency offices in areas considered less 
vulnerable to air attack. The evacuation of the 
civilian population from London and provincial 
cities involved nearly 4,000 special trains. The 
art treasures had to be moved to safe places 
in the country from the National Gallery, 
British Museum, Tate Gallery, and Westminster 
Abbey ; this required specialized planning. 

From the beginning of the war the black-out 
was a serious handicap. Normally the aim is 
to create artificial liglit at night as near to daylight 
as jiossible, and the restrictions were probably 
the most serious single factor with wliich the 
railways had to deal ; for example, during one 
month of tlie air raids in 1940 the lights in the 
London marshalling yards had to be totally 
extinguished for three-quarters of the total 
hours of darkness. Anyone who has seen a 
railway marshalling yard at night will know 
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prosecution of active research during lije years 
before the war in the developjnent of the Hurri- 
cane and the Spitfire, '.vliic h had airead;. , by the 
outbreak of war, been brougfit tc a state v hen they 
could beputinto immediate prod jcrion. Thereport 
adds : “ What the possession of dhese ehcraft, de- 
veloped on the initiative of (he airevafe industry, 
meant to this country' is a matter of history.” 

Such testimony has be'‘-n com 
times. Lord Beaverbrtok. the f 
Aircraft Production, stete: : ' v 
to be ashamed of in Gret', 
the British aircraft industry, Th:-;- is no superior 
aircraft industry in the • c.i: — i "ould almost 


say no rival.” Me 
in the same speech 
showed that it 
enterprise of the ar 
about this superiorir- 
Aircraft of the Flee*, 
of aircraft depend fer qu • 
them. Begiiming vrith 
the responsibility of ±5 fr 


Beaverbrook, 
G : fse of Lords, 
: encerprise — the 
— v/hich brought 


r and aU other types 
: :ne firms producing 
yn of the aircraft — 
? revails there. The 


work of the firm is almcsc r/nnaciy a. private venturer 
the design is a private venture, put forward by prrvas 
enterprise, by pri^ute capital. The individual respcc- 
sibility for the design of the aircraft and for dsvearc- 
ment of it prevails comp'-etely not only in the SreSs 
which was designed by Mitchell and prodnusc ~ 
Vickers-Supermarine. but in the Hurricane, ffem ne r 


by Camm and produced by Hawkers. In . Tyre -c. 
materials were provided for 1,000 Hurnnsnern"'— 
Hawker firm withont any order from nree G — ^ — 
at all. The Hawker firm had to go cm nm 
authority for ordering the raw marerm _nnr nr- 
purchases had been made. The same : — 


applies to the Lancaster and the Mc'sn: — r. . . 

It is true the Ministry issues ms nmnfn: 
but that specification is somst 


frequently amended by the firm— ntnmp 
In the case both of the Spitfire snm nn; - 
both great aeroplanes — the desrsn -inn m 
by the firm did not at all resamn-ir zn-. " 
issued by the Air Ministry'. - . - 
Engine design is entirely m nnt r . nr . r .. ■: 
The Ministry has no relaticn tr etnmnrna 
The great Merlin engine m fierime. - : 
he is respcnsfnle for it : tne 5nnn nc .e 
Sfr R.OV Fedden. backen im n' me. 'zn: 
hclfev'c Bristol to be a grcc 
the Ministry is consnlzem ami z_nnzz. .n; 
gives advice, the fob ram zn'm .zr.azzer; 
ihdustp- of the engine fizm-anz- .za.c.zcr. 

zypes- The sharenriinezn. •■n ._-r ■ 
nzme of the credz: fz*z ■z-i'zez-.- — . 

■Von the Battle cf Etzenh. auz zz- ■- 
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jrated many 
Minister of 
■nve nothing 
in regard to 


T he war history of the 
rich in imporfiuxt tvst'A?? 
cause. The persj.'CCtAv 
the six years of cordrntx'tt$ wqtxvAn'-. A . X 


itself, for soon after thjt cicsc v'T-or'-’ 


discussions began. cer-Vvett. '■ v'. 

Departments attc fits: -h*' 

emergency arrangsttrem's ••.r ex' -tec. 
war. In the rriScls. ntnrxs hvez- v; . 
to be made r i wnwrcc.r Xrr'd-M' 

offeraiwm'swcrczq: ■ 


t ’ '■ 


be nee.her. nr serzre: ' 
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One of 150 locomotives of 2-10-0 
type designed and built by the 
North Hrilisli Locomotive Com- 
pany for War Department service. 
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LOCOMOTIVE BUILDING 

T he British locomotive building industry, 
now returning increasingly to tlie produc- 
tion of locomotives for peace-time use, 
was heavily engaged on the mtinufacture of 
various types of armament for over six years. 
When war became inevitable it w:is one of the 
first of Great Britain’s heavy engineering 
industries to be mobilized for the production 
of munitions. Its plant and equipment were 
such that it could be converted readily to the 
national effort, and for the first two years of 
tlie war the greater part of the capacity of the 
industry was engaged in the manufacture of 
direct war requirements of all kinds. 

The w'ar products on which the industry 
concentrated covered a wide field ; they included 
a variety of tanks, notably the Matilda and the 
Churchill, shells and bombs of various calibres, 
numerous types of guns and gun mountings, 
torpedo parts, practice loading sets, landing 
craft, prefabricated components for aircraft, 
and various important devices which did much 
to hasten victory. 

By the autumn of 1942 it became apparent 
that the locomotive was as much a weapon of 
war and as important as many kinds of armament. 
The earliest possible delivery of locomotives of a 
variety of types became increasingly urgent, 
for use both in the theatres of war and for the 
movement of essential raw materials and supplies 
in countries far distant from the battle zones. 
This demand’from all over the world for trans- 


port was so pressing tliat it l-)ccamc ncccssar>' 
to reconvert a large part of the industry’s works 
to the production of locomotives, which had 
become of first-class war priority. 

In all the industry, in addition to its vast 
production of general armaments, has built 
over 2,500 locomotives of nearly 50 different 
types for direct war purposes, many of them 
of entirely new design, Tliesc Jiavc included the 
large 2-10-0 and 2-S-O “ austerity ” general 
purpose locomotives for the standard gauge, 
of which over 1,000 were sent to the 
European theatre of operations and over 200 
to the Middle East ; numerous narrow-gauge 
locomotives, ranging from small and medium- 
sized ordinary’ types to boUi light and heasy 
articulated engines of various designs ; and, in 
addition, Diesel locomotives of several types. 
Tliese locomotives were operating on the 
Continent and in the Far East, and in countries 
in other parts of tlie world whose products were 
vital to the allied war efibrt. 

The British locomotive manufacturing industry' 
is now engaged, in large part, on the production 
of locomotives for priority demands, but after 
more than five years of intensive war effort 
it is equipped and ready to play its full part 
in meeting tlie requirements of tliose railways 
wluch have had to forgo or postpone tlie renewal 
of their motive power because of the urgent calls 
made by the war on manufacturing resources. 

A partial resumption of manufacturing for 
export is already being planned by the industry ; 
this will expand as tlie demands of war decrease 
and as more labour becomes available. Thus 
there will become available bn an increasing 
scale engineering experience, sharpened by the 
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what that means. On top of all this came the 
abnormally bad winter weather. The first winter 
was the worst ; lines were blocked with snow 
for long periods ; frost slowed everything up. 
Even couplings and the lubricants in the axle- 
boxes froze; coal froze hard in the wagons 
and had to be hacked out. When the thaw 
came it brought landslides and floods. 

Meanwhile, railway freight traiflc increased 
sharply and a major problem was created by 
the changes in its flow. Air warfare and the 
threat of invasion caused the west coast ports 
to be used for practically all the long and medium 
distance sea trafiic ; the convoy system often 
resulted in acute congestion, as the sudden 
accumulations of traffic exceeded the clearance 
capacity. Further, the dispersal of industry 
throughout the country and the establishment 
of war factories often threw a heavy burden 
on railway facilities designed to deal with 
industrial peak requirements ; extension schemes 
had to be introduced at many points. 

Examples of particular traffics may be given. 
The railways relieved the coastwise services of 
vast tonnages of coal normally sent by sea from 
the Scottish, North-East Coast, Midland, and 
South Wales coalfields ; the import of iron ore 
largely ceased and the consequent large-scale 
expansion of home production placed heavy 
demands on rail transport, particularly from the 
counties of Northampton, Oxford, Rutland, and 
Lincoln ; enormous quantities of petroleum were 
conveyed by rail until the main pipe-line system 
came into use towards the end of 1943 and eased 
the west to east rail movement ; stores, for the 
American Army grew rapidly from the summer of 
1942, and from, about the same time material 
had to be transported in great bulk for the con- 
struction of nearly 150 airfields in East Anglia ; 
explosives, requiring special handling, were 
regularly conveyed all over the country. 

Military traffic never ceased after the first 
mobilization of the Forces in 1939. The convey- 
ance of men to the Forces, Army and Air Force 
postings, the conveyance of troops to the ports 
for service oversea — such movements followed 
swiftly. Then came the evacuation from France 
and the consequent movements to defence stations 
in Britain and Northern Ireland. Contingents 
arrived from oversea, mainly at the Clyde and 
Liverpool, and often alterations in the tim.es and 
ports of arrival of convoys played havoc with the 
special time-tables and concentrations of trains 
and staff that had been made in advance. 


There was constant redistribution of troops 
and internal transport between training establish- 
ments. Leave traffic created a problem of its 
own, as also did military manoeuvres and 
prisoners of war. Formations equipped with 
armoured fighting vehicles had to be moved about 
the country, and, of course, there was a constant 
flow of ammunition, tanks, and stores. The total 
number of special trains solely with Service per- 
sonnel and stores between September, 1939, and 
May, 1945, was 451,765. 

Naturally, this superimposed traffic affected 
the passenger service for civilians, although large 
numbers of additional trains were required to con- 
vey people to and from munition factories. The 
ordinary train service had to be reduced to about 
two-thirds of what it was before the war, and 
consequently the loading of the trains that re- 
mained was doubled to accommodate the in- 
creased traffic. Restaurant cars came off and 
sleeping cars were restricted, but no scheme was 
introduced for rationing civilian passenger travel. 
There were some who thought this could have 
been done so as to make travel less irksome to 
those who required to take rail journeys for 
reasons of business or health. 

Railway fares and freight charges were in- 
creased by 10 per cent, in May, 1940, and, 
except in the case of workmen’s fares and season 
ticket rates, by a further 6| percent, in December 
of the same year. Reduced fares, other than 
monthly return fares, were suspended at the out- 
break of war or later, and first-class travel was 
withdrawn from the London suburban services 
in October, 1941. From 1941 all Government 
freight traffic was charged at fiat rates per ton, 
and later similar arrangements were adopted , for 
merchandise by passenger train. 

Looking back, the main impression one has is 
of a great organization spread over the country, 
controlle'd to a large extent by a marvellous inter- 
communication system, and successfully meeting 
the unprecedented and changing demands made 
upon it, either by careful advance planning or 
individual initiative on the spot. The railways 
fulfilled their obligations to the nation in full 
measure. They paid a heavy price, not least in 
the 16,000 railwaymen who became casualties 
when doing their duty. Perhaps symbolic of them 
all was Lord Stamp, then chairman of the Rail- 
way Companies’ Association, who at the crisis of 
the war and during the period of greatest strain 
on the railways, went one night straight from his 
desk to his home, there to be killed by Hitler’s 
murderous hand. 
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in a programme designed to replenish their 
depleted stocks of locomotives which have 
resulted from the war. and to this end a five-year 
programme of building has been arranged between 
the railway companies and the locomotive 
builders which, nevertheless, will permit of tlie 
execution of overdue export orders. 

The locomotive industry since the outbreak 
of hostilities in liurope has had to devote its full 
energies to the war elVort. and to a considerable 
extent has had to forgo opportunities of parti- 
cipating in markets which were its pre-war 
prerogative and which othenvise would have been 
open to it. Its war-time experience, however, 
has not been without its value, in that it has 
keyed up the industry to the speedy meeting of 
heavy demands for items requiring the best 
engineering experience. Thus the British loco- 
motive industry looks forward to serving again 
the world’s railways when, in the near future, its 
full capacity can be devoted to peace-time 
production. 
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CARRIAGE AND WAGON 
BUILDING 

T he railway carriage and wagon building 
industry in the United Kingdom has 
made a progressively increasing con- 
tribution to the nation’s war production and 
at the peak period the greater part of its manu- 
facturing capacity was engaged on work of this 
kind. 

Tlie larger factories in the industry have 
devoted the greater part of their activities to 
the fulfilment of important contracts placed by 
his Majesty’s Government for the building 
of fighting tanks, including light, medium, and 
heavy types. The industry has, in fact, been 
one of the largest producers of fighting tanks 
in this country, having completed nearly 8,000 
machines as well as having undertaken the 
conversion and reworking of some 1,750 tanks 
for special operational purposes. 

Large shops which were used in normal 
times for building railway carriages were turned 
over for the building of aircraft fuselages, gliders, 
and radar vehicle bodies. 


Among the other more important items of 
war material produced by the industry’ were 
several thousands of armoured car and scout 
car bodies, fabricated hull sections for .small 
.ships and landing craft, multiple rocket projectile 
mountings, artillery trailers, Bailey bridges, 
prefabricated parts for the Mulberry harbour, 
Bofors gun mountings. &c. 

In addition, the industr>’’s forging, press and 
machine shops were utilized to their fullest 
extent, not only in meeting its own requirements 
but also in undertaking a very considerable 
amount of .sub-contract work for outside firms 
producing diflercnt forms of war equipment. 

Although the greater part of its manpower 
and extensive factory accommodation was 
diverted from its normal business of building 
carriages and wagons for oversea and home 
railways and was employed instead upon the 
provision of this wide range of equipment for 
the armed forces, it was necessary to retain a 
part of these resources for the building of wagons 
required for war transportation and operational 
purposes. At the beginning of the war a com- 
mittee of the industry' was formed to collaborate 
with the Ministry of Supply so that the remaining 
somewhat limited wagon-building capacity could 
be utilized to the best advantage. 

To meet operational requirements a large 
number of petrol and oil tank wagons have been 
built continuously throughout the war, besides 
bogie flat and well wagons specially designed 
for carrying fighting tanks, and coal hopper 
wagons for the Ministry of War Transport. 
Bogie wagons have been supplied to South Africa 
for the conveyance of coal for military' purposes, 
and the industry' recently undertook a 
contract for the supply of 10,000 wagons for 
India to meet traffic requirements of the Far 
Eastern war. In addition, the industry has 
allocated capacity for the building of several 
thousands of wagons required for the rehabilita- 
tion of liberated countries in Europe. Some 
of the smaller firms in the industry had their 
capacity entirely absorbed on repairing wagons 
for this country and have, therefore, rendered 
invaluable service to tlie home railways. 

During the war the industry has been called 
upon, particularly for fighting tanks, to imdertake 
work involving finer limits and different technique 
from tliose appropriate to its normal trade. 
Light and heavy welding of armour plate has 
been developed successfully ; welders and men 
for engine fitting were trained, and the forging 
and stamping plants normally employed on mild 
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iverse nature of urgent demands, which has 
laintained designing and production at a high 
itch of efficiency. In fact, it can be said that 
tritish locomotives to-day are being built to even 
igher standards of precision than ever before. 

The British locomotive building industry is 
n important section of the heavy engineering 
xport trade of Greal Britain. The 10 com- 
lanies wliich comprise it have a total capital of 
ome £6,000,000 and employ directly nearly 
10,000 craftsmen. The industry has a- pro- 
luction capacity of well over 1,000 locomotives 
L year, and the works of its members are situated 
n important industrial regions of the United 
Cingdom. 

Great Britain was the pioneer of railway con- 
itruction, and in the early days of railways, from 
1825 onwards, the British private locomotive 
luUders designed and supplied engines for the 
p:eat number of railways then being built in 
nany parts of the world. Even now, when some 
3ther countries have developed locomotive 
3uilding industries, there is none where British 


locomotives are not still* in evidence. The high 
quality of their original construction has enabled 
them, however old, to be brought into use to 
further the war effort. In India and the Far 
East, the Near East, the British Dominions and 
the Colonies, and in South America, on every 
gauge and in every type of service from express 
passenger to mountain lines and rack inclines, 
the British locomotive in economy and perform- 
ance has proved itself second to none. 

Since the war of 1914-18, in particular, the 
British locomotive industry has expanded its 
manufacturing facilities by the installation of 
modern equipment and the adoption of improved 
methods of production. It is recognized that 
the calls which will be made on the industry in 
the post-war years will be heavy. All over the 
world there is an accumulation of deferred 
maintenance and renewal of locomotive power 
the meeting of which will be of primary import- 
ance to the countries concerned. In Great 
Britain the industry will have to assist in the 
rehabilitation of the home railway companies 


A large number of British loco- 
motives were sent to Persia for 
conveying supplies to Russia. 
Here is one being prepared for 
dispatch. The engines were 
adapted to burn oil fuel. 
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BRITISH WAR PRODUCTION 

Tile foregoing precis will serve to indicate that 
the motor industry of Great Britain had attained 
considerable magnitude and that its claim to 
rank in the country’s first three industries had 
substantial foundation ; indeed, it might be 
argued that, if the contribution it made to the 
country’s economic system in terms of money 
were also taken into consideration, it was well in 
the running for premier position. This contri- 
bution is put in the region of £500,000,000 
annually, of which the retail value of manu- 
factures, sales of second-hand vehicles, main- 
tenance, taxation (£88,000,000 alone), rates on 
garages privately owned, fuel and oil sales, and 
insurance are the principal ingredients. 

None the less, it is putting the facts mildly to 
say that, in September, 1939, the armed forces of 
this country were inadequately equipped with 
mechanized vehicles for both fighting and 
transport purposes. We had disarmed only too 
genuinely in the years that followed the signing 
of the fictitious peace, and financial stringency 
consequent to a great extent upon the depression 
of the thirties caused the War Department to 
starve its mechanization branch of funds. Research 
and development on a scale commensurate w'ith 
its importance could not, therefore, be undertaken, 
but, none the less, the small but cfiicient and 
enthusiastic band of officers which constituted the 


staff of the Director of Mechanization managed 
to achieve some valuable spade work. 

This had, however, been done only through the 
cooperation of several of the leading British 
motor manufacturing firms. Although public 
money had not been forthcoming in sufficient 
quantity to enable large fleets of vehicles to be 
built, a substantial amount of experimental and 
testing w'ork had gone on consistently, as a result 
of which some useful prototypes had been 
evolved. The principle upon which the coopera- 
tion was based was that the War Office w'ould 
indicate its requirements, and the motor manu- 
facturers would translate these into practicality so 
far as w'as possible by the employment of com- 
ponents which w'erc already in commercial 
civilian production. 

While this practice resulted in a reasonably 
serviceable compromise being arrived at, it 
possessed the serious drawback tliat vehicles for 
the Army had to take the form of near-civilian 
types. It should be noted, how'ever, that as 
manufacturers had perforce to design their pro- 
ductions along lines governed by current legisla- 
tion, which imposed restrictions upon measure- 
ments, w'cights, axle loadings, and kindred 
matters, it follow'ed that the Army had to a con- 
siderable extent to adapt its usage of mechanized 
vehicles to the types it could get rather than to 



The Rolls-Royce Merlin engine 
not only figures in fighter and 
bombing aeroplanes, but has 
been adapted to tanks. Workmen 
are seen at work in the crank 
case assembly shop. 
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Steel have had to deal with alloy stcei for tank 
parts. Those firms dealing with similar war 
products have worked in groups, either formed 
within the industry or with other industries, 
and in this way technical information has been 
pooled and a central control established to deal 
with the supply of raw material and components. 

Before the war the industry made an important 
contribution to the country’s export trade in 
supplying carriages and wagons to railways all 
over the world. During the war no carriages 
were built at aU, and normal oversea markets 
had to be sacrificed for the time being. 
Much of the capacity of the trade is still taken up 
with war contracts, and though every effort is 
being made to accelerate the reconversion of 
plant to the purposes for which it was designed, 
there is much leeway to be made up. It is hoped 
that home and oversea customers will appreciate 
not only the great contribution made by the 
industry towards the winning of the war, but 
also the inevitable delay in getting shops and 
personnel back to normal production. The very 
large outstanding demands for rolling stock 
will be met successfully once the trade can get 
into its stride again and undoubtedly, as a result 
of war experience, improved technique wilt be 
utilized. 
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THE MOTOR INDUSTRY 

T he British motor-car and commercial 
vehicle are products of an industry which, 
at the time war broke but, ranked among 
the premier industries of the country. It gave 
employment directly and indirectly to about 
1,500,000 persons, and its products provided in 
taxation approximately one-eleventh of the total 
revenue of the national Exchequer. Its annual out- 
put in terms of chassis and vehicles was roundabout 
500,000, of which some three-quarters were private 
cars and the remainder commercial vehicles. 

The total number of both types in use in the 
United Kingdom in the last complete year of 
peace (1938) was rather more than 2,500,000, 
private cars accounting for nearly 2,000,000 of 
these. Exports in the peak year of 1937 totalled 
close on 100,000 (78,113 cars and 20,436 commer- 
cial vehicles, chassis being included in both cases). 
The exports for 1938 (the year of the Munich 
crisis) declined somewhat, totalling about 82,500 
vehicles with a value of rather more than 
£11,000,000. Be it noted, however, that these 
figures represent vehicle and chassis only ; the 
total value of automotive exports, including parts 
and accessories, tractors, marine motor craft, and 
tyres, reached £18,500,000 in 1938. 


The small Miles Master aero- 
plane has been one of the 
principal training machines for 
the R.A.F. Here are some in 
production in a British motor-car 
works. 
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what it really needed. Thus the nv' . . uithori- 
ties at the outset of tlie war iiad to * i . . do witli 
vehicles built upon the linc.s of th ". e mployed 
in ordinary' peace-time comm:;-cc. he less, 

they performed c.NccIIcnt serMce in the cai.; days, 
and, in any case, all that v.civ on the L.>r.tinent 
at the time of Dunkirk had to be abindoned. 

The interim period between Septeinher, 1939, 
and the disastrous June of 1940 , iiv'v.eve:. gave 
the motor industr>’ a chance to get e. ing ..ith the 
production of vehicles to the piotoe. pe- which, 
as we have just seen, had been (iuho;. de\ eloped 
in the immediate pre-war yoai'. men '.o, it was 
soon realized that our cnemic-; had pu'grcsscd 
with their mechanization to a stage far beyond 
that to which our comparati\ciy modest expendi- 
ture (as national c.xpcnditurcs go) liad brought 
us. It was recalled that German manufacturers 
of commercial vehicles had displayed, at the last 
exhibition held in London of such \e!iiclcs, 
machines of enormous dimensions and capacity, 
with vast engines of Diesel type, v. hicii were 
totally unsuited to road conditions in this country ; 
indeed, their gigantic size would have precluded 
them from legally using the roads of Britain. 

It should here be mentioned that the remarks 
made above concerning “ vehicles ” apply equally 
to the tank position. We had allowed our Royal 
Tank Corps to degenerate into a small force, 
and financial grants adequate to the development 
of new types of tank had not been forthcoming. 
When the rearming of the nation was decided 
upon there existed divergent opinions as to re- 
quirements and specification. To ascertain what 
other countries were doing Lord Nuffield sent 
experts to Russia, where they discovered that 
numbers of tanks were being produced to a 
prototype developed by an American inventor 
named Christie, who had devised a type of sus- 
pension infinitely superior to anything yet 
evolved. Lord Nuffield provided the cash 
necessary to acquire specimens, from which the 
Crusader was developed, but actual battle experi- 
ence was lacking to enable the machine to be 
perfected. The Germans had gained such experi- 
ence at the time of their annexation of Austria : 
their tanks had shown up badly on this expedition, 
and in the interim period between that incident 
and the outbreak of war they were able to rectify 
most of the defects. 

One of Britain’s greatest initial handicaps in 
tank construction was that she had no engines in 
“ quantity ” production large enough to provide 
a heavy, well-armoured tank with adequate speed. 


and for this the incidence of the horse-power 
tax cannot be held blameless. However, when 
the Rolls-Royce Merlin engine design was 
modified to form the Meteor, developing 500 h.p., 
the British tank became fully potent. Since then 
this country has produced what are admitted 
to be the best all-round, battleworthy tanks of 
the war. Their speed was a great asset in chasing 
the enemy out of France after the Caen break- 
through, outpacing the Germans’ armour and 
preventing them from making an effective stand. 

Before we go on to deal with the actual war- 
time products of the motor industry there is one 
more pre-war, but warlike, activity which must 
be touched upon in order to put matters into their 
proper perspective. This is the Shadow Aero 
Scheme, whereby the leading motor manu- 
facturers were called upon to make plans to 
expand, in emergency, the production of aero 
engines and aircraft. The scheme was broached 
in 1936, at a time when the vociferously pro- 
claimed lack of territorial ambition on the part 
of Hitler was causing disquiet. Its object was to 
provide means whereby the output of the regular 
aircraft manufacturing firms could be supple- 
mented if emergency arose, but not unless it arose. 
The motor manufacturers, with their experience 
of production in quantity, were requested to 
supervise the erection and equipping, and sub- 
sequently the management, of factories capable 
of making components for engines or the assembly 
of aircraft. The actual products were to be of 
designs emanating from firms in the regular air- 
craft industry. 

Five of the principal British motor manu- 
facturers took part in the Shadow Aero Scheme 
which, in point of fact, never was a “ shadow,” 
because the emergency came upon us even before 
the majority of the factories had really been 
completed. Fortunate indeed was it that the 
scheme was evolved, and that the skill and experi- 
ence of the motor manufacturers turned it into 
a big success. It most certainly increased the out- 
put of vitally needed engines and bombers at the 
critical moment, when the country was in the 
greatest danger with which it has possibly ever 
been faced. 

In the early days of the “ Shadows ” the motor 
industry helped to mass-produce the renowned 
Blenheim, one of the bombers which, it will be 
remembered, was used so extensively at the out- 
break of the war. During recent years the industry 
has been engaged introducing on a quantity basis 
the formidable Halifax, the bomber v/hich’ con- 
tributed so greatly to the task of hastening the 
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A line of ambulances presented to the Army by the Royal Antediluvian Order of Buffaloes. 


brought to the notice of the authorities the 
faciUties for production that were going begging. 
For a long time there was little response, but 
eventually, rather grudgingly, some of the service 
stations were given Army trucks to overhaul. 
The Executive persisted in its efforts and was 
making some headway against official apathy 
when the coming of the Luftwaffe gave a great 
fillip to the negotiations. Soon the importance 
was appreciated of having factories, albeit small 
ones, here, there, and everywhere. Quickly 
now the potentialities were explored and contracts 
handed out, and the service stations were before 
long busy hives of industry. 

By this time, however, most retail motor 
traders had parted with a large proportion of 
their skilled mechanics and fitters, and retained, 
on the average, only perhaps two or three out 
of their pre-war staffs. When called upon to 
undertake official work, therefore, they had to 
import and train quantities of “ green ” labour, 
much of it female. And what did they do, these 
workshops wherein motor-cars had been greased 
and “ decoked ” and washed and polished ? 
To answer that question categorically would 
require a volume, for the list of articles manu- 
factured and the services performed is a long 
one. All that one can hope to do within the 
compass of this article is to record a com- 
paratively smaU number of actual accomplish- 
ments, which form a cross-section of the vast 
whole. 

First, there was the overhaul and recon- 
ditioning of Army vehicles, already touched 
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upon, which developed into the Army Auxiliary 
Workshops scheme, and handled some 80 per 
cent, of repairs to transport vehicles, including 
Bren carriers and armoured cars. We may, 
perhaps, quote from the story related by the 
head of a large firm of motor-car distributors 
to indicate how the scheme was developed. 

This particular firm had a well-established 
business in peace-time, supplying and servicbg 
cars, commercial vehicles, and farm tractors 
over an extensive area. They maintained a 
staff of 65 skilled mechanics, but at the outbreak 
of war they had to part with many of them, 
and gradually, as work grew scarcer and scarcer, 
the number was whittled down to five. For 
some time there was barely sufficient to keep 
even these five fully occupied, although the 
servicing of tractors on farms in the vicinity 
provided a basic ration, so to speak, of work. 
At length there arrived an official contract for 
the repair, alteration, and modification of Army 
vehicles, together with an assurance that more 
skilled men would be provided to cope with it. 
This assurance, however, proved incapable of 
fulfilment on account of the universal shortage, 
and there was nothing for it but to engage 
such female labour as was available locally 
and to train it. 

Therefore two of the precious five key-men 
were told off to act as instructors,’ and the now 
disused cellulosing shops, wherein glossy new 
coats had been sprayed on to motor-car bodies, 
were transformed into a school. In the work- 
shops, the other three skilled men gave practical 
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were achieved, and engines could he run flat 
out in bottom gear for 10 minutes in a con- 
siderable depth of water, and he capable of 
covering 200 miles on dry land immediately 
afterwards. Shortly before the imasion took 
place, however, sudden requirements called for 
the performance to be repeated in water of even 
greater depth, and hundreds upon hundreds of 
trucks had to be quickly altered to comply. 

Garages as Factories 

In the foregoing columns the major products 
of the British motor manufacturing industry 
during the period of the war ha\c been briefly 
described. Let us now revert to the lime of the 
evacuation of Dunkirk, when practically every 
one of the mechanized vehicles that the British 
Army possessed had to be left behind in France. 
Yet this loss was replaced, from factories in the 
United Kingdom, within the short space of four 
months — and replaced with machines that were 
in ever}' way an improvement on the earlier 
types. During these months the Luftwaffe 
began its attacks upon the country's industrial 
areas, and both Coventry and Birmingham 
sufTered severely, with the result that dispersal 
became the order of the day. 


Until the necessity for dispersing production 
centres was realized, the authorities had been 
slow to take advantage of the potential manu- 
facturing facilities which another section of 
the motor industry had to offer. Up and down 
the country, in every city, town, and village, 
there were the retailers, the distributors of motor- 
vehicles who sell the cars to the public and 
operate service stations and garages. When 
hostilities broke out they were severely hit, 
for their livelihood disappeared overnight. This, 
for a trade employing some 150,000 hands, 
was serious ; however, since many of the work- 
men were skilled mechanics and machine tool 
operatives, a big proportion of them were able 
to take on new employment right away in 
mimition factories. 

For the rest, and for the proprietors and 
managers, the outlook was dark in the early 
days, when private motoring was drastically 
curtailed. Yet the country needed munitions, 
and needed them in quantities far exceeding 
anything that was then being produced. The 
motor traders looked at their idle workshops 
and wondered why they could not be set to 
work on national necessities. Their associations 
formed a Motor Trade War Executive, which 
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probably under its own power, the complete 
vehicle all ready for delivery and service. An 
output of hundreds per day was achieved at the 
peak of this activity, and great was the shipping 
space saved on the transatlantic crossing by the 
use of this method of shipping. 

It would be impossible to conclude a review 
of the British motor industry’s war efibrt without 
paying tribute to the products of the concerns 
which, while not being manufacturers or dis- 
tributors of motor-cars or commercial vehicles, 
are just as much part of the industry. For 
example, tire tyres, electrical equipment, and 
instruments are essential components of any 
motor-vehicle, whetlier it be a luxurious private 
car or a plebeian refuse collector. They are just 
as important also on an Army tnick, or tank, or 
armoured car, or ambulance. 

Lamps, ignition, screen wiper, starter, dynamo 
— all these are vital to war ; and war brought a 
host of new demands to the firms who make 
electrical equipment. 

Gauges, speedometers, and clock mechanism 
are likewise essential components in war as in 
peace, and fortunate indeed it was that the princi- 



A folding motor-cycle and container of the type used 
by airborne troops. This equipment was used in 
all major paratroop operations in Europe. 


pal firm engaged in this section of the motor 
industry had, a few years before war broke out, 
decided to build up a watch industry in Britain. 

It certainly would appear that the motor 
industry, for enterprise, initiative, and versatility, 
deserves well of the British Government and of 
the whole country in the days to come. It will 
be ready to contribute the same degree of eriergy 
and enterprise to production for export as it has 
displayed in production for victory. 
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MOTOR CYCLES AND 
BICYCLES 

T he value of the motor-cycle and bicycle 
industry’s contribution to the national 
war effort cannot be measured solely by the 
yardstick of the great quantities of munitions 
it delivered ; the time factor must also be taken 
into the reckoning. It was indeed, in the blackest 
days of the war, when the survivors of Dunkirk 
had to be re-armed and re-equipped against the 
threat of invasion and when a great number of 
new and converted factories were producing 
only a tithe of their scheduled output through 
lack of machine tools, that the industry was 
able to come to the rescue with large-scale 
deliveries of vital weapons, ammunition, and 
arms. 

The very nature of its peace-time products 
enabled the industry to switch smoothly to 
munitions ; its machinery was for the most 
part well suited to the manufacture of certain 
weapons of war, its workers were already skilled 
in precision production ; a large section of it 
was centred in the Birmingham area, traditional 
home of the small arms trade. 

At the outbreak of war some 75 per cent, 
of the plant in the industry was immediately 
freed for armament production, and as additional 
machinery became available and imskilled labour 
trained to use it, so the output steadily increased. 
In fact, it became difficult to use the term “ maxi- 
mum production ” with any degree of accuracy ; 
improved manufacturing methods, simplification 
of design, elimination of machining operations 
found to be uimecessary — all these, combined 
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tuition and supervised tlie partly t.a. \.d women 
in their allotted tasks. 

Slowly, but none the less stcav;,l'-. the work 
got under way : the .Army vehicle came into 
the service station in c cr-incrcaMng numbers, 
were stripped down, rccorui tioneJ. and rebuilt. 
When the flow of work tiiiougli tlie simps was 
slowed down by a lack of leplacemcnt parts, 
the firm decided to make them theniH-ivcs, so 
the works manager scoured the country and 
was able to get together a collection of macliinc 
tools, whicli he had repaired and adapted, 
eventually forming them into a sen.' creditable 
semblance of a facton . This eased the situation 
greatly, and later the machine shop became so 
cfiicicnt that the firm was able to take on a 
contract for the manufacture of precision parts 
for small arms. 

Another retail motor lirm. which had been 
given an order to make aircraft parts, conceived 
the idea that it could make guns. It confided 
this Ijelicf to the appropriate authority, and a 
somewhat sceptical general of the Ordnance 
branch paid it a visit. When, after investigation, 
the general departed, he had lost his scepticism, 
and a contract came along in due course. Within 
the space of five months this firm was being 
credited with the highest output of breech 
mechanisms in the whole country : its secret 
lay in the fact that, by applying certain methods 
which, although new to Ordnance, had proved 
successful in the class of work in which this 
motor firm had previously specialized, the job 
was simplified to a substantial degree. 

As the war progressed there was seen to be 
more and more that the service stations could do. 
Some of the small workshops were found to be 
more suitable for certain types of production 
than were even the big factories. One of the 
motor distributors in the southern counties 
was entrusted with the making of enormous van 
bodies in which the parachutes discarded by 
airborne troops after landing are renovated, 
repacked, and housed ready for further use. 

At another garage was carried out the equipping 
of special trucks for the Signal service with 
intricate electrical apparatus and short-wave 
transmitters. Incidentally, a motor firm in the 
heart of the West End of London participated in 
this work, the testing of the equipment, secret 
though it was to the /ith degree, being carried out 
in Hyde Park ! 


The natural versatility of the motor mechanic 
enables him to turn his hand to work involving 
a number of different crafts. For this reason, 
largely, some of the smaller workshops were 
entrusted witli the making of secret “ gadgets ” 
which, being dropped by parachute to the French 
nuiqiiis. were doubtless put to effective usage. 

Another specializ-cd product concerned a 
certain tool which enabled the recuperator bufTer 
on the 25-pounder gun to be repaired on the 
spot instead of the whole gun having to be sent 
back to an Ordnance workshop 150 miles away. 
When the need for this arose, Cairo then being in 
danger from Rommel, every employee willingly 
worked round the clock to produce the first 250 
tools. 

Not alone have the service stations been 
pressed into use as wofkshops and small factories ; 
showroom windows of motor distributors have, 
in many cases, continued to display e.xamples 
of the normal stock-in-trade of the firm while, 
behind the scenes, the showroom itself has been 
converted into a shell-turning shop, with lathes 
humming and ovcralled girls busy feeding them 
with fresh material. 

In addition to what has been manufactured in 
Britain’s garages the retail motor tnide has per- 
formed services which have been of equal value ; 
it has trained enormous numbers of men as 
drivers and mechanics for the forces. Soldiers 
have been turned into mechanically minded road 
users by the thousand since the first schools were 
established in 1940. Through one school alone 
passed nearly 5,000 trainees, on courses of 
instruction of varying nature which ranged from 
six to 14 weeks in duration. Invaluable work was 
done by these schools, especially in the early 
days of the war, when the Army was much less 
advanced in its mechanization than it is to-day. 

Still a further activity which has fallen to the 
lot of certain motor traders concerns the building 
up of vehieles which have arrived from the 
United States in “ c.k.d.” (completely-knocked- 
down) condition. At different places accessible to 
the ports of entry piles of large crates suddenly 
appeared, dumped down on waste ground. 
Transported to the workshops near by, which 
often were service stations of the local motor 
traders, these crates would deliver up all the com- 
ponent parts of a jeep, or a United States Army 
truck, or a snow plough, or a tractor, and from 
the other end of the workshop would emerge, 
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ROAD TRANSPORT 


with the detennination of the \soir..‘rs, served 
to step up output fi OI 11 record U' s’iil creater 
record. 

To enumerate the varied muimioiu produced 
by the industiy, in addition to Army motor- 
cycles and bicycles, would '^e uell-nieh impos- 
sible. but they ranged horn gun-carriages to 
rocket projectiles, from nfies and maclimc-guns 
to fuses, aircraft components and slielK. .And 
their totals had to be reckoned in tens of millions. 

Of special interest to the industrv’ was the 
fact that in the advance of tite science of warfare 
a new use was found for the bicvcic. which, as 
a means of bringing infantry speedily into 
action, iiad been virtually banished from the 
front line early in the Great War. In the autumn 
of 1941 the \\'ar Ofiice foresaw that a bicycle 
of a spcciahVcd type would be of great benefit 
in paratroop operations. After long e.xpcriment 
and the adoption of an unorthodo.x design, one 
company produced the ideal machine ; it weighed 
only 2nb. and was of the folding type, enabling 
it to be strapped to a man's back. .A large 
“ nish ” order was the immediate result, and it 
was completed only a few weeks before the first 
use of these bicycles in an airborne operation — 
the Anglo-American landings in North Africa 
in 1942. So successfully did they fulfil their 
function that they were cmploved in every 
sub.scciucm major paratroop operation of the 
war in nurope~-on D Dti.v, :it Arnhem, and 
finally by the .Sixth nriiish .Airborne Division 
when it landed east of the Rhine in front of 
Montgomery's advancing troops. 

The industry has learned much in the past 
six years in the way of new mtiterials and new 
processes. Of the latter one of the most important 
has undoubtedly been the tipplictition of hard 
chromium plating direct to all metals, ferrous 
and non-ferrous, to prevent corrosion and 
wear of moving parts. After long experiment 
in the research department of a ih’rminglitim 
gun and cycle company the process was success- 
fully applied to the .303 Browming machine-gun— 
the Battle of Britain gun— to eliminate fouling 
and a consequent slowing of the rate of fire ; 
subsequently all valve rockers for Rolls-Royce 
Merlin and other aero-engines were sent to 
a Rcdditch factory to be similarly treated. 
The proeess was also used to solve problems 
arising from the fact that certain steels were 
sometimes in very short supply ; it was found 
that other steels could be satisfactorily employed 
when the surfaces were plated with hard 


chromium. Experiments arc now being made 
with a view to applying hard chromium to car 
and motor-cycle engines and even to the rims 
of bicycles, where ordinary dccorativ'e chromium 
tends to wear olf through the action of the brake 
block. 

TIic chief features of post-war motor-cycle 
and bicycle manufacture will be greater comfort, 
cleaner design, and easier handling, which will 
reduce the amount of money and time required 
for maintenance. 
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ROAD TRANSPORT 

Since May. 1944. nearly all long-distance 
movements of general tralTic by road have been 
arranged through the Government Road Haulage 
Organization, which was set up in the summer of 
1943. This organization also employs vehicles 
to carry' Government traffic for all distances. 

During the preparations for D Day, vehicles 
were provided for road movements from the 
ports, from the factories, and from the depots. 
For example, the Road Haulage Organization 
was kirgcly responsible for the road movements of 
materials and parts of the “ Mulberry ” ports. 
After D Day the organization continued to 
meet all essential needs, as. for example, in pro- 
viding 1.250 vehicles for urgent movements of 
guns and materials to deal with the flying-bombs. 
Two complete road haulage units, each with a 
carrying capacity of 500 tons, were sent to 
the Continent to assist in carrying supplies to the 
people of liberated territories. 

The value of the contribution to victory made 
by road transport through the Road Haulage 
Organization is shown by the following figures of 
tonnage handled during 1944: — 


Long distance (including Government 

Tons. 

traffic) . . 

11,081,830 

Other Government traffic : — 


General 

16,183,972 

Opencast coal . . 

8,087,781 

Meat 

3,610,603 

Other Commercial traffic 

14,834,251 


Total .. 53,798,437 

In addition, 4,685,489 head of livestock were 
carried. 
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complications. It was a major problem not only 
in metallurgy but in efficient organization, and 
the smoothness and speed with which the situation 
was handled represented a notable achievement. 

Research and production were not the only 
factors. Economy in use and the prevention of 
wastage also played an important part in helping 
the industry to meet its commitments. For 
example, the use of tools only tipped with high- 
speed steel reduced demand. A great deal of 
work was done in organizing .scrap collection and 
sorting. Control over industry ensured that tools 
were not used for non-essential purposes. Pro- 
paganda improved the care of tools by the 
operatives so that their working life was increased, 
and various technical developments tended to the 
same end. In fact, success in supplying war 
industiy with the tool steel it needed was 
achieved by full coordination and day-to-day 
control adaptation. 

During some phases of the Italian campaign 
there was a Bailey Bridge to every mile, and in 
one case nine were erected in three miles. The 
story of the. development of that bridge (des- 
cribed on pages 73-75) is a good example 
of the steel industry’s work in providing the 
Army with the equipment it needs. At the 
prototype demonstration in May, 1941, troops 
were borrowed one afternoon, and the next day 
built a bridge 70ft. long in 40 minutes. After that 
it went into production, and has proved its merits 
over and over again. It can be erected very 
rapidly — a 350ft. bridge was thrown across the 
Trigo River in 36 hours — carries even the heaviest 
tanks and transporters, and can afterwards 
be dismantled to make way for more permanent 
structures, its components being used again and 
again. It is adaptable to many purposes and 
varied conditions, and is capable of quantity 
production. 

There is no intention of describing here the 
achievements of the Bailey Bridge — ^Field-Marshal 
Montgomery said that the Army could not have 
too many of them. -The point is rather to show 
how the steel industry made possible its produc- 
_tion in large numbers. To understand what was 
involved it is necessary to indicate briefly the 
nature of the bridge, which may be said to be 
on the Meccano principle. Standard high-tensile 


stccl-trusscd panels form the basis of the structure, 
and these can be used to build up virtually any 
kind of bridge. For light loads and spans of 
moderate length there may be single panels 
on cither side of the decking. For heavy loads 
and long lengths the panels arc doubled or 
trebled side by side and also, if necessary, super- 
imposed, As a result, although the Bailey 
Bridge can carry the heaviest known military 
traffic there is no one part that cannot be lifted 
and fixed by only six men. The special features 
of the design arc the use of higli-tcnsilc steel 
welded construction of the panels and decking- 
frame units, with alloy-steel pins for coupling 
panels together, and the fact that very few 
bolts arc employed except for holding down the 
wooden decking. 

It is worth noting how the essential charac- 
teristics of the bridge reacted on the steel industr}'. 
As lightness was of the first importance for 
manhandling, the factor of safety had to be kept 
as low as possible ; the sections must be extremely 
accurately rolled and free from flaws, the quality 
of the steel must be fully up to specification, 
and the carbon content very' low, not only 
because of the use of welding but also to ensure 
the prescribed strength. This meant variations 
in the appropriate British Standard Specifications 
for the high-tensile steel to reduce the carbon 
content and give a higher minimum yield point. 
And the steel makers had not only to work to 
unusually narrow limits in these respects, but 
also to ensure very close accuracy in tlie profile 
of the section. 

The position was made more difficult by 
the fact that the second order, in December, 
1941, for 1,100 bridges, specified a proportion 
of high-tensile steel different from that in the 
first 200 ordered, while extra demands were 
made on British mills at a very difficult time. 
The mild steel required was readily available 
but the original regional arrangements for 
regular supplies of higli-tensile steel to the 
fabricators and their many sub-contractors were 
soon seen to be inadequate. 

Special organization was therefore introduced. 
The closest contact was maintained between the 
Director of R.E. Equipment and the Heavy 
Steel Products Department, so that Control, 
knowing immediately each programme was 
settled and each contract approved, could plan 
its production and allocation to the best advan- 
tage. Contact was also made with the Chief 
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STEEL FOR BRITAFX'S 
ARMAMENTS 

T he most difficult ^it!■c of the steel industn-’s 
^vork to illusirute is the itciiicvcntcnt of the 
metallurgist and production expen't. The 
results of a great deal of lahorators' research and 
intensive experiment in steci works nnd engineer- 
ing plant arc often represented by no more than a 
changed formula ; but tliat alteration may mean, 
in fact, that it is possible to produce a vitally 
important .steel that would not oihcavise be 
available in sufficient quantity, or it m.ay be the 
key to the practicability of some invention or 
development. 

Alloy steels are used when the stresses or strains 
on the finished parts arc greater than could be 
withstood by the straight carbon or carbon- 
manganese steels. And the steels used for tools 
contain the highest alloy content of all, the chief 
materials being tungsten, molybdenum, chrome 
and vanadium. These steels arc clearly one of the 
fundamental necessities of war production, for 
they are used to machine all kinds of steel, other 
metals and plastics, and without them industr.- 
could not carry on. 

At the beginning of 1941 deliveries of flmsbed 
tool steel, owing to the effects of ene.my a-inr.. 
dropped to a level considered dangerous'” ir>v.. 
Apart from immediate steps, such as the trau.-.T- 


of experienced forgemen from one plant to 
another, a meeting was held with the Machine 
Too! Control, who specified their expected 
requirements : and later the makers of the high- 
speed steel needed in tool production met repre- 
sentatives of Control to agree a programme and 
indicate the tonnage each plant could guarantee, 
.Although there have been many changes si“vV 
then, requiring modifications of the p!.t;'< e-v 
altered schedules, it is a fact that ffom that i- "C 
there has never been any doubt e.bv't'‘- 
industry’s ability to meet the de;ne."eN ■>; ax*’ 
steel made upon it. 

The most important change o‘N-’‘ e x 
Japan’s entry into the war. vbe * • ' ' ' 
that our main source of turgxte ' ■ ' '' 
danger — a danger that x-ew 
The first step was to cev-N' >.*.v '' 
less tungsten than f'-e ' ' x 
included, and thre-e me : ' 

were very cuNk’- e . ' 
effected tree mecc-N, r 
in\-o!ved v.-as ce t- '' ' 
out ur.ee- a>.: 
l3'oora:e~. aw, • 
stccj- r'c- :e;s 
cf irir ■ 
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six months they operated day and night shifts and 
week-end working. 

The most urgent call upon their resources came 
in the middle of April, 1944, when they were asked 
to accept the responsibility of coordinating the 
work of building the “ Whale ” or pier-head 
equipment for "D Day," which building was 
transferred from military to civilian personnel. 
After an appeal to/ the whole of the structural 
steel industry this vital task was put in hand with- 
out delay under the executive direction of the 
company’s constructional officials and finished a 
few liours ahead of schedule. 

Another firm supplied 15,000 miles of tubes to 
the Admiralty for defence purposes and over 
1,000 miles of water-mains for laying in the 
streets of our principal towns. This company also 
had produced before the end of 1944 50,000,000 
shell forgings for the artillcrs’, in particular the 
25-poundcr and 9,2 howitzer. Forgings for 
25-poundcr shells were produced at a rate varying 
between five and seven a minute. Another com- 






pany rolled over 9,000,000 tons of steel during the 
same period at a rate of nearly four tons a 
minute. This was mainly for ship plates used on 
the Clyde and in the shipyards elsewhere. 

In all, the iron and steel industry' produced and 
handled a grand total of 86,000,000 tons of steel 
during the war ; of this 14,000,000 were imported 
and the rest manufactured at liomc. During this 
period the industry mined and used 101,000,000 
tons of iron ore, and approximately 5,000,000 
tons of scrap was obtained from tliree great scrap 
collections — the national sur\'cy, which produced 
over 3,500,000 tons ; steel scrap recovered from 
‘‘ blitzed ” buildings, which provided, approxi- 
mately, 600,000 tons, and railings, which also 
amounted to about 600,000 tons. During this 
period the statistics covering the relationship of 
demand against supply show that in 1941 deliveries 
met 92.6 per cent, of allocations, in 1942 96,1 per 
.cent,, and in 1943, the higliest consuming year, 
100.8 per cent., while in 1944 the figure was 98,1 
per cent. This is a record of which any industry 
might well be proud. 



A photograph taken in a steel 
melting sliop. It shows ingot 
moulds and also ingots stripped 
from the moulds. During the 
war 72,000,000 tons of steel were 
manufactured in this country. 
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inspector of Electrical and Mechanical Equip- 
ment on questions of quality and specification. 

The number of firms rolling higli-tensile joists 
and sections was increased from four to 16, 
and each maker was required to give a weekly 
statement of production, so that the monthly 
rolling allocations could be controlled and 
maintained. The “ parent fabricators ” were 
in constant touch with the Heavy Steel Products 
Department to keep check on the quantities 
demanded and to make up deficiencies where 
necessary. It was only by the setting up of this 
machinery that the Iron and Steel Control 
was able to assure deliveries of between 8,500 
and 9,500 tons a week of high-tensile steel 
channels and joists, and enable the R.E. Equip- 
ment Production Branch to meet all War Olficc 
requirements. 

It is worth noting, incidentally, that tlie fullest 
co-operation of the workpeople was materially 
helped by arranging demonstrations at which 
those who made the steel could see the bridges 


being actually handled by the troops. It has 
already been mentioned that the ■ accuracy 
required both in quality and in the profiles was 
considerably finer than in normal jiractice. 
There was sometimes a tendency — understandable 
enough — to consider the Army “ finnicky ” and 
unnecessarily severe in their limits. When the 
workers — and managements — ^had seen the erec- 
tion of the bridges and the loads they had to 
carry, they appreciated the reasons for precision. 

This is only an outline of the steel industry’s 
part in the Bailey Bridge programme, but it may 
illustrate the effect of demand on production and 
what is involved in providing the steel for just 
one important type of equipment. And it must be 
remembered that the same sort of adaptation and 
organization has been necessary in many other 
fields. 

One company also played a vital part in the 
construction of the invasion harbours. One of 
their largest constructional shops was laid out and 
equipped for rapid mass production of highly 
specialized fioating bridge work, and for almost 


Teeming steel from a 90-ton 
ladle into moulds. The picture 
was taken at a British steelworks 
where some of the products of the 
country’s collection of scrap 
metal emerged in the form of 
high-grade steel. 


8 



BRITISH WAR PRODUCTION 

problem was met by technical ingenuity and 
economy. The turnover to a greater use of 
native ore presented primarily a study in trans- 
port, for there was no insuperable difEdulty in 
increasing the output of ore, which was, in fact, 
approximately doubled. The modifications in 
works practice, furnace design, and specification 
to make possible the use of high phosphoric 
ores presented a much more complex problem, 
but it is not practicable here to go into the 
technical questions involved. One example of 
results must serve to indicate what was achieved. 

It was especially essential to reduce materially 
the use of hematite pig iron, which is principally 
a base for alloy steel making. At the beginning 
of the war we were consuming 36,000 tons a 
week. By cutting out the use of high-class 
hematite altogether from the iron castings 
industry, which formerly used one-third of the 
total, by substitution of other types for oxidizing 
ores, and by replacing the use of hematite with 
pig iron containing a high phosphoric content 
very large savings were made. By 1942 weekly 
consumption of hematite pig ' iron had been 
reduced from 36,000 tons to 24,000 tons, although 
the output of alloy steel had trebled in the same 
period. 

One of the most important. measures to cope 
with the raw-material crisis was undoubtedly 
the development of every possible source of 
scrap in the United Kingdom, particularly since 
the cessation of supplies from America, which 
up to the end of 1941 sent us about 500,000 
tons a year. Scrap helped to solve the industry’s 
problems from several points of view. Properly 
sorted — and sorting became a matter of the 
highest importance — ^it provided a source of 
low phosphoric material. Moreover from 
normal scrap about 95 per cent, of its own weight 
of steel is obtained, so that the difficulties arising 
from the use of low-grade native ores were 
mitigated, and this in turn economized in the 
consumption of fuel, which was in short supply, 
and also saved transport. 

The scrap merchants, through whom the 
material is normally handled, did a good job. 
In 1937, the peak year of steel production, they 
handled 3,500,000 tons of scrap. In 1941, in 
spite of labour shortage, black-out, and other 
war troubles, they increased this by 250,000 tons. 
Nevertheless it was clear that the industry could 
not rely on their efforts alone and that a national 
campaign was necessary. 


At this juncture the enemy provided some 
assistance, for the destruction of property of all 
kinds by bombing made available great quantities 
of valuable material that would not otherwise 
have been obtained. Anyone who was in London 
during the early days of the blitz will remember 
that for a time the debris accumulated faster than 
it could be cleared ; the Iron and Steel Control 
were interested in the steel, and in cooperation 
with the Regional Commissioner, whose concern 
was primarily with street clearance, they sought 
means of speeding up scrap collection. It was 
soon apparent that the difficulty was mainly trans- 
port. There was sufficient plant and labour to 
extract the scrap and cut it up, but it could not be 
got away to railhead sufficiently quickly. The 
area was divided into two sections and transport 
experts were called in, who devised a new scheme 
with special road-haulage arrangements to con- 
vey the material to railhead. In a very short time 
the iron and steel scrap clearance was raised from 

3.000 tons a week to no less than 15,000 tons a 
week, and the railways, in spite of their mani- 
fold difficulties at that time, did their part, carry- 
ing it to scrap merchants who had sorting 
facilities, to steelworks, or to dumps for stock. 
Out of the total of about 600,000 tons of blitz 
scrap collected in the whole of the country, nearly 
half came from London, and by the middle of 
1944 all but about 50,000 tons of that 600,000 
had actually been melted. 

A National Survey of scrap resources was 
carried through in the midst of bombing, and it 
covered everything that could be converted into 
scrap — derelict railways, disused bridges, re- 
dundant plant of all kinds. Of the total scheduled 

2.500.000 tons has been cleared ; of 591,000 tons 
of tramlines 522,000 tons had been melted early 
in 1944. The total blitz and emergency scrap of 
all kinds, including local authorities’ salvage col- 
lections, amounted to about 4,000,000 tons, and 
of this by mid-1944 little more than 76,000 tons 
remained in stock. 

The public accepted willingly and philoso- 
phically the inconvenience caused by the sacrifice 
of gates and railings, but there was at the time a 
good deal of feeling about the apparent failure 
to make use of them. This material, like blitz 
and other classes of non-recurring scrap, repre- 
sented a draft on capital, and the fact that it was 
to be seen lying about in dumps meant only that 
stocks were being built up against future needs. 
In the same way scrap that had been scheduled 
in old factories or derelict railway lines might be 
left in situ until they were wanted. The high pro- 
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The Struggle for Raw Materia!::: 

About half the British steel industry’.', pre-war 
production depended on imported raw materials, 
and that half included the steels most vitally 
needed for war. The plants were in the main not 
suited to an increased use of native ores, which 
are mostly low grade, with only about half the 
iron content of those we obtained from oversea 
and with a high proportion of phosphorus. It 
may not be appreciated that, apart from iron, 
coal, and ferrosilicon, other materials are needed 
in quantity for steel-making, none of which is 
produced in Great Britain. The countries from 
which they came normally were largely overrun 
by the enemy or otherwise cut off. Moreover, the 
shipping position for a long time imposed limits 
on imports even from accessible sources, and 
supplies of foreign scrap were reduced and 
finally almost eliminated by July, 1941. 

Raw materials have, therefore, called the tune 
to the whole steel industry in war, impinging, for 
example, on transport, because of the need for 
Carrying internally a greatly increased native ore 
traffic, and on steelworks practice, because it was 
necessary to adapt plant to handle iron of high 
phosphorus content and because new steels had 
to be devised to economize alloy substances in 
short supply. 

The industry has never been under any illusion 
about the vulnerability of its supplies, and by 
the beginning of 1938 a survey of the steel 
position in the event of war had been completed. 
As a result, individual companies were urged 
to build up their stocks of all raw materials to 
the greatest possible extent, and in February 
of that year the Government were pressed to 
finance the laying down of an emergency stock 
of 1,000,000 tons of pig iron. This was turned 
down by the Committee of Imperial Defence. 

In September, 1938, new representations were 
made for the financing of 500,000 tons of Swedish 
ore as additional stock, and when this proposal 
was also rejected it was reiterated, the industry 
urging also that a like quantity of low phosphoric 
ore should be added. The Government finally 
agreed in August, 1939 — too late. A good deal 
had been done, however, by the steel companies 
themselves, and on the outbreak of war the 
stocks held were considerably higher than normal. 

During the early months of the war the supply 
position remained fairlj' easy, for the nation’s 


industry was still expanding relatively slowly, 
and during this period considerable imports 
were secured — where neutral countries were 
concerned often by “ economic warfare ” buying, 
designed as much to deny the material to the 
Germans as to supplement our own resources. 
But as soon as the attack on Norway was 
launched there was no longer any doubt of the 



A stage in the making of a railway carriage spring 

The workers are bending a red-hot leaf to shape. 

justification for the industry’s forebodings. 
Annual imports of ore from Sweden alone 
amounted to several million tons. 

After the fall of France the situation was 
even worse, the steelworks having by then lost 
the greater part of their normal sources of 
supply, and the subsequent conquest by the 
Japanese of Burma and Malaya added fresh 
difficulties by cutting off the most important 
•sources of tungsten. As British industry awoke 
to a feverish activity, the stocks that had been 
built up stood us in good stead until alternatives 
could be found, but even so the position was 
serious. 

Apart from the desperate expedient of breaking 
the Nazis’ blockade of the Baltic, the raw material 
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Structure, it successfully withstood the heavies 
weather. 

This wreck offered an instance of an incidental 
service to the war effort provided by salvage. 
Another Liberty ship on passage to Britain from 
Russia sustained serious damage to her engines 
and needed a complete new low-pressure installa- 
tion weighing over four tons. A signal was sent 
to the salvage workers, and they succeeded in 
recovering the unit from the wreck, so that it was 
available at a British port in less than a week to 



Women steelworkers in their working outfits. These 
two operated a machine for punching holes in plates. 

await the arrival of the damaged vessel. Many 
other similar cases could be quoted, and this 
work, demanding high skill and ingenuity under 
the tnost difficult conditions, has been of the 
utmost value in saving time, labour, and material. 

T his brief review of some aspects of the struggle 
for raw materials obviously leaves a great deal 
unsaid. No reference has been made, for instance, 
to the negotiations with foreign countries for the 
supply of vital materials — ^Turkish chrome ore, 
Spanish and Portuguese wolfram — ^nor to the 
development of resources in Empire and allied 
countries. And the Raw Material Branch of 
Control has had to deal with such matters as the 
supply of limestone and lime, of refractories, and 


of electrodes, which, are essential for the pro- 
duction of alloy steels in electric furnaces ; with 
the complicated organization necessary to ensure 
sufficient stocks of each material at the right place 
to suit the individual needs of each steelworks. 
But enough may have been recorded at least to 
show under what great handicaps the industry 
worked. The measure of success is that no steel- 
works was idle for lack of raw materials. 

Changing Phases 

The true evidence of the British steel industry’s 
success in satisfying the exacting demands of war 
is the plain fact of the nation’s rearmament. In 
the House of Commons in March, 1944, the 
Minister of Production gave some figures of 
aggregate output for certain weapons from the 
beginning of the war to the end of 1943, quoting 
such totals as 83,000 tanks, armoured cars and 
carriers, more than 1,000,000 unarmoured vehicles, 
115,000 guns of calibre larger than 20mm., and 
150,000,000 rounds of ammunition for them. 
Add the steel needed by the factories producing 
them to the great quantities actually contained in 
these and other requisites of war, and one may 
gain some idea of the scale and complexity of the 
task that was successfully undertaken. If it had 
not been successfully undertaken the weapons 
would not have been there. From the battleship 
containing perhaps 40,000 tons of steel to the 
radio component with its fraction of an ounce 
of bright strip, paper thin, everything for war 
needs steel. 

Cut off from four-fifths of its normal raw 
material supplies, the industry had to secure its 
output from inferior ores, and to meet, in spite of 
shortages of critical constituents, constantly 
varying war needs which required extensive 
changes from peace-time working. It had to do 
all this, moreover, within easy range of the 
enemy’s bombers, and that involved, among 
other things, the Herculean task of blacking out 
completely every steelworks and blastfurnace in 
the country. Finally, it gave to the forces the 
greater part of its young men and operated with a 
high percentage of older workers, unskilled 
recruits, and women. Bearing in mind these 
difficulties, which are dealt with later, the main- 
tenance of production at a level near the pre-war 
peak may be assessed at its true value. 

The British steel industry, then, in spite of 
severe handicaps, succeeded in supplying the 
materials for Britain’s great armament pro- 
gramme. How did it succeed and why ? 
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western Europe demanded the temporarj’ con- 
centration of the wnole capacity of the sheet- 
rolling industiy' in Britain on one of trie greatest 
rush jobs of the war. Night and day. 2S0 factories 
were engaged on the task, for when the final 
plans were complete there was available only 
a quarter of the time necessan.' to do the work 
under normal conditions. 

Furthermore the raw material situation was 
in a constant state of flux. There was first of 
all the progressive cutting off by enemy action 
of most of the normal oversea sources, the 
various stages in the position of .American 
imports dictated by their o\’«’n production pro- 
gramme, and always the limiting factor of trans- 
port capacity — internal and seaborne. On the 
railways particularly hea\T burdens were placed 
because increased quantities of home ore had 
to be carried long hauls — from the Midlands, 
perhaps, to a Scottish steel works which had 
formerly drawn its supplies from a port near by. 
Three thousand 20-ton trucks were built for 
the carriage of iron ore, 450 or more special 
iron-ore trains were run e\’eiy’ week to carr\' 
250,000 tons of material for the iron and steel 
works. 

To maintain steel output and meet the changing 
demand therefore meant a constant juggling 
with four major problems — changes in methods 
of manufacture ; research to secure suitable 
substitutes ; provision of steels t\tth maximum 
economj’ for new jobs : and distribution. 

Before the war there was a period during 
which the steel industiy', knowing itself to be 
as Milnerable as it is essential, sought to prepare 
against eventualities, and in the face of official 
discouragement succeeded at least in increasing 
its critical stocks appreciably. 

From the outbreak of war to the unloosing 
of the German attack on Norway was a phase 
of preparation and organization. With the nation 
only half at war, the demands of the munition 
industries were much lifter than they became 
later, and most oversea sources of supply 
remained open. The end of this period saw the 
inauguration of the distribution scheme — the 
chief step in establishing steel as a precious 
war commodity to be used for nothing that was 
not essential. These early months saw the 
purchase, through existing contacts, of valuable 
supplies of steel from oversea. 

The next phase embraced Dunkirk and the 
all of France, and may be said to have ended 


when “ cash and carry ” gave place to “ lend- 
lease.” In it an altogether new urgenQ^ of 
demand coincided with an accumulation of 
difficulties. The acceleration of every war 
industry' to meet the emergency came at a 
moment when most normal sources of raw 
materials had been lost, when U-boat warfare 
threatened our remaining imports, when the 
country was under first the shadow, then the 
reality', of air attack, and when the export drive 
was still needed to obtain the foreign exchange 
we must have to buy abroad. The distribution 
scheme came into effect and played an important 
part in helping the industry' to meet its com- 
mitments. It produced at first a cut in civilian 
consumption greater than the rise in war demand, 
and therefore increased the quantities of steel 
at works and stockyards by' 1,000,000 tons — 
an invaluable resen’e. 

The period that followed falls behveen the 
introduction of lend-lease and the point in 
1942 at which the Minister of Production could 
say' that Britain was at least within sight of full 
production. It included the entry' of America 
into the war and the progressive rationalization 
of the steel industries of the two countries. 
N\Tiile there had been time to devise alternatives, 
fresh raw material difficulties were created by 
the Japanese conquests in the East, and in 
particular by' the loss of \'itally' important timgsten 
supplies from Burma and China. The Pacific 
war again inx'olved changes in the nature of 
demand, while intensified submarine attacks 
further stretched shipping resources. 

The last phase was a period in which the 
British arms industry' attained full production, 
in which the basic equipment of our forces 
was completed but in which at the same time 
the change-over to the offensive meant alterations 
in demand. These y'ears included, for example, 
special emphasis at different times on the con- 
struction of escort vessels and anti-submarine 
equipment, aircraft production, aerodrome con- 
struction and equipment for American forces 
in Britain, landing craft and other necessities 
for the offensive. Internal transport problems 
were latterly’ further complicated by' the added 
strain of invasion preparations. This phase 
was characterized, in fact, by' the need for a 
measure of adaptability even greater than before, 
by' the realization of earlier researches in the 
production of new weapons and machines — 
rocket guns, for example, and jet-propelled 
aeroplanes — and by the completion of the whole 
industry's adjustment to the purposes of war. 
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In the first place the most comprehensive 
control was exercised at every point over raw 
material supply, steel production and con- 
sumption. As long ago as 1942 the Minister of 
Production could state that only 7 per cent, of 
steel production was going to civilian needs, and 
to devote 93 per cent, of output to war purposes 
means the elimination of all non-essential usage. 
Although the United States had not then had 
the same opportunity of gearing its industry to 
war, and the comparison is therefore less than 
fair, it is worth noting that their percentages at 
the same date were 60 for civilian consumption 
and 40 for war. 

Secondly, raw material difficulties were par- 
tially overcome by the greatly increased use of 
home low-grade ores, by the finding of new 
oversea sources for essential materials in short 
supply, by the evolution of steels that met 
requirements while using smaller quantities of 
the critical constituents, by stringent economy, 
and by intensive scrap campaigns. The traditional 
knowledge and skill of managements, steel- 
workers, and metallurgists made possible the 
solution of the many acute techm'cal problems 
that constantly arose. 

Thirdly, the structure of the British industry 
lent itself to flexibility and adaptation, British 
steelworks have always catered for the customer 
with special requirements and taken a pride in 
being able to supply steel for any purpose what- 
soever. Their experience enabled them to meet 
every change in war-time demand with the 
minimum of delay and dislocation. In this 
respect the British industry enjoyed marked 
advantages over those of other countries. The 



differences in the structure and aptitudes of the 
British and American steel industries benefited 
the common cause after a high measure of 
rationalization had been achieved in their rela- 
tions, because it was possible to make their 
capacity in many ways complementary. 

The turning over of a great industry from 
peace to war is primarily a problem in organiza- 
tion, and with such a fundamental material as 
steel the change-over must be rapid. Speed is 
difficult when a new system and new machinery 
have to be created from the beginning and run 
in, and effective control could never have been 
established as quickly as it was without the pre- 
war integration of the industry. The steel industry, 
through its official representatives, was itself 
entrusted with the task of ensuring that supplies 
for the war effort were forthcoming. 

The great number of steels that are needed 
for the various purposes of war has already 
been mentioned. Not only must steels of the 
right analysis be available, but there must be 
the plant to process the required quantity of the 
product. For instance, if demand is for strip 
of a certain thickness, supplies of the necessary 
steel will not alone solve the problem unless there 
is also the capacity to roll that particular kind of 
strip. 

The difficulties were made more complex 
because the nature of demand has changed very 
greatly from time to time, and has never been in 
line with the normal requirements of peace-time. 
After Dunkirk, for example, there were great 
alterations in the types of steel needed, and in 
priorities. More recently the waterproofing of 
tanks and other vehicles for the invasion of 
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Erecting electro-hydraulic control 
gear for anti-aircraft guns in a 
factory in Scotland. 


owned by specialist firms, as at Hollinwood and 
Edinburgh, and the entire system was brought 
into play and kept constantly active before and 
during the war. 

It is necessary to emphasize this point, since 
the special research executive evolved by the 
Government, where technical experts from the 
Services handed over their problems to the manu- 
facturers for solution, could not have worked 
without it. The answer to German war expedients 
and inventions, from magnetic mine to V2 bomb, 
was invariably and immediately found. The 
further process of translating research datg^ into 
commercial and large-scale manufacture was a 
simple matter of selection of individual firms or 
groups of firms. Occasionally specifications, such, 
as that of the radio-directed automatic tank, were 
not capable of easy realization in the workshop, 
at least within the time indicated, but the Govern- 
ment showed wisdom in allowing firms to keep 
their research experts and- the Services were not 
over-selfish in collecting scientist and specialist 
engineers from the firms. Cooperation between 
Government departments and individual firms 
was, on the whole, extremely successful. 

One can divide the war effort of the electrical 
manufacturers into possibly five divisions :• — 

(1) Maintenance of the economic effort of the country 
apart from war production. 

(2) Increasing the war industrial potential. 

(3) Direct war activity and the supply of material. 

(4) Improvement of the technique of war. 

(5) Assistance to allies in all four phases mentioned 
above. 

While it is true that at the highest concentra- 
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tion something like 70 per cent, of the national 
production was devoted entirely to war produc- 
tion, the remaining 30 per cent, had to be effi- 
ciently and adequately supplied with electrical 
energy. The great public utilities and services 
had to be kept going. This meant that the re- 
quirements of the Grid in generating plant, 
transformers, switchgear, and control equip- 
ment generally had to be met with the minimum 
of delay, the great reserve pool of machinery 
and equipment had to be stocked so that trans- 
forming and switching stations could be repaired 
at once and destruction of power plants made 
good. We know now that concentration of power 
production in a few big stations had to give way 
to a policy of diffusion over a much larger number, 
private industrial plants were brought into the 
system, and a considerable duplication of trans- 
mission and distribution systems carried out. 
In addition, provision of standard generating 
imits and the actual equipment of new stations, as 
at Reading, had to be met. During the worst 
time of the bhtz electrical service had sufficient 
material to make good destruction and maintain 
supply. One firm supplied 1,833,000 kilowatts of ' 
generating plant and 2,352,000 h.p. of electric 
motors. 

On the other hand, the manufacture of con- 
sumers’ apparatus such as electric lamps, fires, 
cookers, boiling- plates, radio sets, refrigerators, 
and vacuum cleaners had to be severely re- 
stricted and to all intents and purposes aban- 
doned. Even sof the physical existence of a very 
large number of electric fires reduced to man- 
ageable proportions the hardship imposed by 
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ELECTRICAL INDLSTRY’S 
EXPANSION 

T he First World 'ar showed how important 
the effective supply of eiectricity ird the 
pro\dsion of the necessaiy equipment to 
ise it were for the successful prosecution of the 
var itself. Even then, the cependence of the 
:ntire war machine on electncit> ws.:- understood, 
ind first among the post-war reconstruction 
chemes was one which aimed abos e all at pro- 
dding a reasonably safe national supply. 

The second war meant an immense expansion 
)f electrical service, so much so that at almost 
very phase the struggle in the actual conduct 
»f hostilities, so far as it depended on science 
nd the provision of the necessaiy technical 
equipment, was one bebveen the British and 
jerman electrical industries. The 40,000 million 
inits of 1944 compared with the 2,500 milhon 
inits generated in 1914 are only a slight indication 
if the immense increase in range and responsi- 
lility of the electrical supply and manufacturing 
ndustries. A bare list of specially designed 
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equipments would nil several pages and still 
afford no real indication of enterprise and 
achievement- Stfll less would it illustrate the 
invention and resource of the manufacturers 
themselves when confronted with what appeared 
to be insoluble problems or the speed with which 
they reacted to new developments worked out 
by a cunning and resolute enemy. 

In the game of chess on which so much 
depended for the successful outcome of the war 
the Government, aided by research scientists 
and engineers, made few false nr belated moves, 
and it is a remarkable fact that preparation for 
this contest began not in 1939, but as long ago 
as 1934. For the electrical manufacturers the 
war lasted not six but 11 years, and the greater 
part of their contribution falls within the period 
1934-40. 

The industry had an equipment of research 
laboratories and development shops not only 
adequate for its own purposes, but able to absorb 
additional tasks imposed on it b}' the Govern- 
ment. The great laboratories at Trafford Park, 
under the control of a man of genius, and at 
Wembley and at Rugby linked up intimately 
with a vast manufacturing complex, were supple- 
mented by laboratories and test departments 


The electrical industry has been 
responsible for the supply of new 
equipment for use in the factories 
and pov/er stations in U.S.S.R. 
This picture shov/s v/ork in pro- 
gress on a 10,000 kv.a. trans- 
former for the Soviet. 
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industry : from generating plants, mobile search- 
lights, special lighting schemes to the most 
delicate control mechanism on the A.A. guns 
themselves. The spectacular claims made in 
connexion with the use of infra-red rays by 
Germany could be transferred to British firms. 
The study of sound location carried out at 
Trafford Park during the first world war was 
carried to such a standard of perfection that the 
location, elevation, and direction of suspected 
aircraft would be established by means of locators 
supplied to the army as early as 1936 ; aeroplanes 
could be aware of submarines charging batteries 
at night literally hundreds of miles away and Uie 
coordination of fire control and sound location 
with other methods of detection ensured tlie 
destruction of the Italian fleet, for example, at 
Matapan, without the British or Italian fleets 
seeing each other. 

The neutralization of the acoustic mine (as, no 
doubt, later, the acoustic torpedo) involved the 
use of an apparatus sending out high frequency 
acoustic waves sufficient to explode the mine 
well in advance of the ship. The early develop- 
ment of searchlights for the Army, of signalling 
lights and fighting searchlights for the Navy was 
supplemental by the use of Radar as a kind of 
radio searchliglit used to discover enemy ships and 
aircraft. One firm developed a searchlight of 

1.000 million candle-power. 

The Navy was supplied in many oUicr ways — 
not merely with heavy machinery for propulsion 
and electricity generation, but also an immense 
range of detailed apparatus requiring the most 
delicate adjustments. One electrical firm supplied 
all the lifts installed in aircraft carriers, a second 
specialized in submarine torpedo detectors, a 
third concentrated on submarine motors. Some 
idea of the range of product can be derived from 
production by one group : — 

Two hundred electric torpedoes, 10,000 mines for 
aircraft laying, 17,000 mine mechanism plates, and 

6.000 hydron switches, 800 Duplex pistols for tor- 
pedoes, 550 special depth charge cylinders, 800 
oscillators for protection against acoustic mines. 

An Edinburgh firm manufactured thousands 
of compass corrector coils to olTse the errors 
created by de-*gaussing equipment for neutralizing 
magnetic mines, paravanes, broken floats, and 
Dan buoys, for minesweeping operations. A 
Manchester factory, among other things, made 
gyros for torpedo control and H.E. anti-aircraft 
projectiles incorporating parachutes and other 
gear to form a barrage ready to be exploded by 
enemy aircraft. 


The story of valve design from immensely 
powerful tubes to the most minute incorporated 
in fuses belongs elsewhere as well as that of the 
millions of shells, igniters, electric rammers, 
gun-sighls, range finders, gun mounts, and 
elevating gear supplied direct to the Army and 
Navy. The conversion of 18-poundcr guns to 
25-poundcrs as early as 1937 allowed the Army 
to deal with the heavier German tanks in the 
North African campaign. At every stage the 
war became more and more completely 
mechanized in terms of electricity ; gun-sighting 
and firing became an exact science with auto- 
matic electric control substituted for human 
fallibility. 

In the last categor>' of all — namely, assistance 
to allies — the electrical industry supplied new 
equipment for the mines and factories in the Don 
Basin, generators and transformers for Stalin- 
grad, and a large number of mobile power stations 
moved along the railways. One Traflbrd Park 
firm supplied more than 50 such stations with 
capacities ranging from 1,000 to 5,000 kilowatts 
and a second firm large motor generator sets for 
chemical purposes. Through them the Soviet 
could make good the dcstniction of local power 
supplies. 

The lesson of the war reinforced without 
changing tlic lessons of the peace. Summarized, 
they may be stated : — 

(1) The higher the state of organization of an 
industry the more easily it lends itself to the 
demands of the State at war as well as the State 
at peace. Government departments, staffed by 
experts who know their business, can get out of 
industry all that they desire, provided tliey enlist 
the finest research ability and administrative 
capacity employed by industry. It is no coinci- 
dence fliat the electrical manufacturing industry, 
on its record, one of our best conducted, should 
not only have met the ordinary demands laid on 
it, should not only have doubled its manufactur- 
ing capacity to deal with highly complicated 
electrical equipment necessary for the conduct 
of war, but should have undertaken other lines 
of manufacture as well. 

(2) Without the great research departments 
in the industry, the industry and the State would 
have been helpless. The war was fought out in 
the research laboratories and British intelligence 
won. The transition from the findings of pure 
research to the fabrication of prototypes, the 
development of test products, the segmentation 
of those products into mass production elements, 
the organization of groups of firms supplying 
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UNSEEN VICTORIES OF 
RADIO 

M r. CHURCHILL described radio as 
“ the heart of our war clTort ” when, in 
1942, he invited Sir Staflbrd Cripps to 
become chairman of the War Cabinet’s Radio 
Board. 

In peace-time, however, even the most know- 
ledgeable people, including those few who knew 
of our early work on radiolocation, did not 
foresee. the leading role that radio was to play : 
and when the war began the radio and television 
industry, an infant compared with the other 
armament industries, did not immediately feel 
any pronounced growing pains. Television, in 
fact, came to a stop so far as the public con- 
sumer was concerned. There were increased 
scr\'icc radio needs, of course, but the war was 
more than a year old before the violent growth 
of these demands, coupled with the loss of raw 
materials and components from oversea, became 
suddenly apparent. 

From then on every' device was used to increase 
the output of valves, components, and complete 
sets for the radio and radar war of wits ; and at 
the end of the five years and ciglit months of war 


in IZurope the United Kingdom’s radio industry 
had grown to five times its pre-war size, measured 
simply in the numl^er of people it employed. 

That growth was accomplished in the face of a 
special difficulty which no other industry' ex- 
perienced in the same degree : the necessity for 
secrecy about the actual articles produced, and 
particularly about the entire production of radar 
equipment. 

To the public, and so inevitably to the enemy, 
it was apparent that such industries as tank pro- 
duction, the manufacture of explosives, and ship- 
building were enlarged and active for war; and 
the location of those industries could not entirely 
be concealed. The radio industry', however, had 
huge and unknown tasks to perform at pressure, 
as development rapidly followed on research, and 
production on development, without the whole 
picture being unnecessarily disclosed even to those 
engaged in design and manufacture. 

These tasks were accomplished partly by 
general dispersal of the industry, partly by 
separating factories producing related parts of the 
same secret equipments, and partly by improvisa- 
tion which led both to the transfer of workers 
from unessential industries and to the adaptation 
of factories which had been engaged on strangely 
dificrent types of work — mills, garages, and even 
private houses and huts. 

In all, the industry' produced, it is officially 
calculated. 12.000,000 separate radio equipment 
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those elements, and tlic erection of ::ivat assembly 
factories were miracles of orgnm/auon which 
should be continued in peace. Tire spread of 
organization from one industry to another, 
exemplified at TrafTord Park, at Rugby, and 
Coventry, so tliat a complete range of apparatus 
could be supplied at high speed is one which 
should be studied. 

(3) Increased labour cfilciency was achieved 
not merely by the establishment of joint pro- 
duction consultative and advi.sory committees 
but by the most exact study of individual out- 
puts and examination of social and psycholo- 
gical factors. In other words, labour was treated 
with care as an essential to good production — 
not as a commodity. or a piece of machinciy'. 
Working conditions were not worsened but 
improved. The experience at Willcsdcn, where 
the increase in output was achieved by a 10 per 
cent, expansion in factory area, 18 per cent, 
expansion in personnel, and 25 per cent, increase 
in working hours, gives an indication of method 
and results. Two groups of firms had in 1938 
about 4,000,000 square feet of workshops and 
in 1945 just over 7,000,000 square feet, but 
effective use of area was so great that outputs 
were considerably more than doubled. There 
was no labour difiiculty of any kind, 

(4) The technique by which an immense 
factory was erected at Trafford Park within 
seven weeks is one which merits examination 
even more than that of the fabrication of the 
Mulberrj' ports in Normandy. We know now 
that e.xcessive delays in the latter almost 
jeopardized invasion, but the former was a 
straight piece of construction, with no com- 
plications of a bureaucratic nature. Examination 
of what happened in the electrical industry' 
should be valuable for the solution of the housing 
problem. 

(5) The capacity of industrial firms to recover 
from bombing is one of the minor wonders 


of the war. In the Coventry area, under the 
control of a Local Reconstruction Panel. 6.3 per 
cent, of several hundred casualty firms in the 
panel area, nearly 80 square miles, were able 
to resume full production within two days of 
the incident. At no time was war production 
seriously interrupted by bombing attacks. 

(6) It is diflicult at this stage to determine 
which of the war inventions or industries have 
a future in peace. The potentialities of Radar, 
of infra-red and other forms of light penetra- 
tion, of jet propulsion, and air supercharging 
remain to be studied by the light of further 
research. One development can already be 
seen. The provision of mobile power-stations 
has shown once and for all that the cumbrous 
and generally exceedingly ugly and vulnerable 
structures housing generating plant arc an 
anachronism. The waste of capital and effort 
involved in such erections should be avoided 
in the future with an improvement in efficiency 
and cost and less violation of natural amenities. 

(7) The last and most important conclusion 
is surely that the lack of preparation for war 
should not be attributed to firms of the calibre 
of tliosc in the electrical industry. The main 
scientific and technical discoveries necessary for 
success in the war were made and worked out 
over the period 1934-40; no major advance 
took place after the autumn of 1940. 

The scientific and technical war was won 
four years before it was fought out on the battle- 
field. There is no space available here to give 
details, but together they provide a complete 
answer to any claim that only after 1940 was the 
war prosecuted with energy and cfilciency. 
The electrical industry, within its range, did 
evolve and design the tools in good time. Their 
production in immense volume was a matter 
for State policy and State organization. 


A R.n.C. .saloon car 
recording equip- 
ment showing the 
amplifier, the power 
supply unit, and the 
single turhiahlc re- 
corder. Recorded 
itenw has'c become 
an im p o r t a n t 
fc.iture ol wireless 
programmes. 
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for the LufiwalTc. It was radar aerial navigation 
and blind-bombing aids, including systems both 
depending on ground stations, such as “ Gee," 
“ Gcc-H," and " Oboe.” and independent of 
them, sucli as “ II 2S," wliich made it possible 
for us to strike back decisively and accurately 
at Germany even before we invaded Ihiropc. 
Equally it was radar which gave our coastal 
batteries and light naval forces warning of the 
approach of IZ-boats or mine-laying aircraft, 
and made it possible for a sea action between 
large warships to be fought as accurately in 
pitch darkness as in daylight. 

If these achievements alone seem major 
contributions to victory, it must also be 
remembered that more orthodox radio equip- 
ment was used as well in greater amounts than 
ever before to supply ships, aircraft, and soldiers 
with radar and other information, to make 
direction-finding possible, to earn.' teleprinter 
messages, and to provide a communication link 
from mobile stations even in the heat of battle 
over distances which could not be spanned in 
any other way. 

It is to the credit of the radio industry that 
these essential communication sets for telegraphy, 
telephony, D.F., and so on, each subject to 
improved and new techniques as the war went 
on, were produced in huge quantities without 
interfering with the vast radar production pro- 
gramme occasioned by research, development, and 
enemy attempts at counter-measures. 

It is known now that Germany was not aware 
that radiolocation was, in fact, so developed in 
this country that our entire air defence strategy 
was based on it. although she had sufficient 
inkling of the existence of coastal stations to try 
to detect them with the aid of receivers carried 
in the Graf Zeppelin. Nor, naturally, was she 
prepared for the airborne developments which 
were to upset her undersea campaign, as Hitler 
complained in a public speech in 1943. 

It has been the radio industry's part to 
accomplish these unseen victories, often without 
knowing any more of the overall radio campaign 
than the individual platoon commander can 
know of the entire front line. As time passes 
the radio industry as a whole will no doubt 
learn of still further uses to which its products 
were put; already it is obvious that radio was 
the core of almost every major operation, in- 
volving its own tactics and separate preparation 


although at the time its successes could not be 
publicly recorded. 

The first two problems of the many encountered 
by the industr>' in helping to wage this war were 
the necessity for absolute secrecy in peace-time, 
when the absence of special security precautions 
normally makes this especially difficult, and, once 
the war had really begun and France and the 
Low Countries had been overnm, the cessation 
of supplies of raw materials and components 
from abroad almost exactly at the time when the 
magnitude of the Services’ demands was becoming 
apparent. 

The necessity for secrecy was such that, when 
contracts were first placed in 1937 for the radio- 
location chain sets, only two men in the industry 
were given complete information about both 
transmitters and receivers ; their colleagues in 
the first (inns selected were told about only the 
transmitter or the receiver, according to which 
firm employed them. Naturally more people 
knew about the chain as time went on and as 
development of the valves and other apparatus 
became ncccssaiy, but the secrets were kept 
during peace and war ; from the start separate 
assembly shops were used by- each firm so that 
the whole of any faetory should not know what 
was happening. 

The loss of components from the Continent 
was a great blow. A third of our supplies came 
from France, Germany, Holland, and Belgium, 
and no less than 80 per cent, of the ceramics 
used was from these sources. Tlie loss was made 
good and more than compensated eventually by 
diverting material (for example, work such as 
cigarette-paper manufacture was changed to the 
production of paper insulation for condensers), 
and there was considerable dispersal of the com- 
ponents factories over provincial areas where 
new workers were taken in and taught the un- 
knowTi techniques. 

Other branches of the industry had to adjust 
themselves to the use of labour unacquainted with 
their special requirements : in many parts of the 
country the local women were initiated into the 
24-hour processes neccssarj' in valve-making, 
for instance, which required special nimbleness 
of fingers. Yet there were instances of the pro- 
cesses being eventually so well organized that un- 
skilled women could produce certain valves 
faster than a larger number of skilled men in 
earlier days. 

Perhaps the greatest problems, however, were 
those associated with the necessity for keeping 
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units for war purposes ; it was manufacturing 
38,000,000 valves a year at the peak period, com- 
pared with an annual 10,000,000 before tlie war ; 
and the production of components, which arc 
reckoned to number a rough average of 20 to 
every valve needed, accordingly reached astro- 
nomical figures. 

The general development of the radio and 
television industry can best be summarized by 
saying that it had to serve science at war by 
producing in industrial quantities apparatus 
which would have been of laboratory standard a 
few years before, and that this applied both to 
the newly developed science of electronics and to 
more normal electrical techniques. The continual 
trend in radar, for instance, hastened and really 

mirTo f/>ncihlft hv the inventinn nf thn mnrrnptrnn 


makers’ types, the valve field was greater than 
ever : there were 600 different types being manu- 
factured in the United Kingdom for Service 
requirements at the time of Germany’s defeat. 
They varied in size from the foot-long, weighty 
affairs used in the ground radiolocation trans- 
mitters round our coasts to the tiny “ acorn ” 
types which have no separate bases or pins : 
and in complexity from the magnetron and 
other types, which contain so many ancillary 
circuits that they almost cease to be valves, 
to the ordinary diode. 

It is worth remembering that a tiny valve is 
essential to the location of an enemy land-mine, 
and that many tanks carry three equipments 
using valves, while warships and aircraft fairly 
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Hamel pipes for carrying oil across the Channel 
stored in three-quarter-mile lengths ready for winding 
on the floating drums. 
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WORLD-WIDE CABLE 
LINKS 

T he early electrical pioneers used insulated 
wires and cables made by themselves ; 
Faraday, for example, made up his own 
cotton-covered wires for his experiments in 
electro-magnetism about the year 1831. 

The first commercially made electric cable was 
a copper wire insulated with tarred yarn, and 
such cables were used by Professor Wheatstone 
in 1837 in the course of his experiments. 

That first yam-insulated cable marked the birth 
of a great British industry, an industry which 
during the course of its evolution has kept pace 
with every electrical requirement of science and 
commerce. From small house-wires to cables 
operating at 200 kilovolts or more and capable 
of transmitting the whole output of a fairly large 
modern power station, from bell wires to the 
ultra high-frequency cables required in television 
and radio-communications, from an instrument 
wire which when^insulatedj with six coats of 
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enamel scarcely equals the diameter of a human 
hair to the largest power cable nearly five inches 
in diameter, the modern British cable-making 
industry is able to meet every need. 

A policy of continuous technical advancement 
based on systematic research has made these 
things possible. Althougli the materials used in 
cable-making have been more or less stabilized for 
many years, the quality of those materials, 
especially insulants, has been constantly im- 
proved. Where new conditions arise which 
cannot be met to full satisfaction by materials 
already in use the research resources of the 
industry are able to find new materials which will 
suit. For example, new materials had to be 
souglit and have been found for the insulation of 
cables to carry tlic high-frequency currents of 
short-wave radio-communications circuits ; again, 
when the Japanese overran, and occupied the 
rubber-growing districts of the Far East, the 
industry was prepared with alternative materials 
to meet the rubber shortage. 

The industry was confronted with enormous 
demands for new types of cables when war was 
declared in 1939. Never in any previous war has 
electrical science had so prominent a role to play. 
The establishment by the Royal Navy and other 
services of specialized electrical ranks and 
ratings is a recognition of the pre-eminence of the 
application of electricity in war. An idea of the 
magnitude of the advance in the use of electricity 
in warships is conveyed by comparing the 
950kw. of generating machinery installed in the 
largest battleship of the last war, H.M.S. Royal 
Sovereign, with the 4,000kw. of Britain’s largest 
and latest battleship, H.M.S. Vanguard. 

Many entirely new types of war vessels have 
been introduced during this war ; corvettes, 
escort aircraft-carriers, tank landing craft, to 
mention a few, all of which require electric cables. 
More than 800 different types have been used by 
the Admiralty. 

The cable-making industry figured prominently 
in combating Hitler’s secret weapon, the magnetic 
mine. In an extremely short time ships were being 
de-magnetized by cables fitted round their hulls 
as a passive defence. For this purpose the 
industry produced 1,000 miles of cable a week for 
a year during the early period of the magnetic 
mine menace. 

For the purpose of direct attack , upon the, 
magnetic mine buoyant cables were designed and 
manufactured by the industiy. These cables, 
which floated on the surface of the sea, were 
towed by minesweepers and produced moving 
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Hamel pipes for carr>'ing oil across tlic Channel 
stored in three-quarter-mile lengths ready for winding 
on the floating drums. 
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WORLD-WIDE CABLE 
LINKS 

T he early electrical pioneers used insulated 
wires and cables made by tlicmsclvcs ; 
Faraday, for example, made up his own 
cotton-covered wires for his experiments in 
electro-magnetism about the year 1831. 

The first commercially made electric cable was 
a copper wire insulated with tarred yarn, and 
such cables were used by Professor Wheatstone 
in 1837 in the course of his experiments. 

That first yarn-insulated cable marked the birtli 
of a great British industry, an industry which 
during the course of its evolution has kept pace 
with every electrical requirement of science and 
commerce. From small house-wires to cables 
operating at 200 kilovolts or more and capable 
of transmitting the whole output of a fairly large 
modern power station, from bell wires to the 
ultra high-frequency cables required in television 
and radio-communications, from an instrument 
wire which when ' insulated ' with six coats of 
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enamel scarcely equals the diameter of a human 
hair to the largest power cable nearly five inches 
in diameter, the modern British cable-making 
industry’ is able to meet every' need. 

A policy of continuous technical advancement 
based on .systematic research has made these 
things possible. Although the materials u.scd in 
cable-making have been more or less stabilized for 
many years, the quality of those materials, 
especially insulants, has been constantly im- 
proved. Where new conditions arise which 
cannot be met to full satisfaction by materials 
already in use the research resources of the 
industry are able to find new materials which will 
suit. For example, new materials had to be 
sought and have been found for the insulation of 
cables to carry' the high-frequency currents of 
.short-wave radio-communications circuits ; again, 
when the Japanese overran, and occupied the 
rubber-growing districts of the Far East, the 
industry was prepared with alternative materials 
to meet the rublier shortage. 

The industry was confronted with enormous 
demands for new types of cables when war was 
declared in 1939. Never in any previous war has 
electrical science had so prominent a role to play. 
The establishment by the Royal Nasy and other 
services of specialized electrical ranks and 
ratings is a recognition of the pre-eminence of the 
application of electricity in war. An idea of the 
magnitude of the advance in the use of electricity 
in warships is conveyed by comparing the 
950kw. of generating machinery' installed in the 
largest battleship of the last war, H.M.S. Royal 
Sovereign, witli the 4,000kw. of Britain’s largest 
and latest battleship, H.M.S. Vanguard. 

Many entirely new types of xvar vessels have 
been introduced during this war ; corx'cttes, 
escort aircraft-carriers, tank landing craft, to 
mention a few, all of which require electric cables. 
More than 800 different types have been used by 
the Admiralty. 

The cable-making industry figured prominently 
in combating Hitler’s secret weapon, the magnetic 
mine. In an extremely short time ships were being 
de-magnetized by cables fitted round their hulls 
as a passive defence. For this purpose the 
industry produced 1,000 miles of cable a week for 
a year during the early period of tlie magnetic 
mine menace. 

For the purpose of direct attack upon the, 
magnetic mine buoyant cables were designed and 
manufactured by the industry. These cables, 
which floated on the surface of the sea, were 
towed by minesweepers and produced moving 
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magnetic fields which exploded and destroyed the 
magnetic mines. Inshore waters were continu- 
ously covered by such operations and the buoyant 
cable achieved its purpose well. 

The Army established the Corps of Royal 
Electrical and Mechanical Engineers, embracing 
63 specialized classes of tradesmen in its various 
branches, to maintain and repair something like 
1,000 different types of electrical equipment, 
every one of which required a product of the 
cable-making industry in the form of one type 
or another of insulated wire or cable. 

By March, 1945, the Royal Corps of Signals 
had required from the cable-making industry more 
than 3,440,000 miles of cable for the maintenance 
of military communications — enough to encircle 
the Equator more than 130 times. 

For the supply of fuel oil across the English 
Channel, known as Operation “ Pluto,” the 
Service Chiefs required a series of pipelines to be 
laid under the sea to meet the enormous demands 
of the invading armies after D Day. 

The British cable-making industry provided 
an answer by designing and constructing cables 
consisting of a hollow lead tube reinforced with 
steel tapes and armoured. Those cables had 
internal bores of 2in. and 3in., and operated at 
hydrostatic pressures up to 1,2001b. per sq. in. ; 
they were made in continuous lengths up to 
40 miles, weighing 1,000 and 2,000 tons approxi- 
mately. Between 800 and 900 kilometres of such 
hollow cables were provided. At a later stage 


they were supplemented by more than 450 
kilometres of steel tubing, and by means of these 
connecting links between England and France 
fuel supplies were pumped from the Mersey to 
the Continent at the rate of 1,000,000 gallons a 
day. 

The provision of communication cables also 
called for intensive effort. Two days after D-Day, 
the Prime Minister was able to telephone from 
Downing Street direct to the Normandy beaches 
via a submarine telephone cable, which had 
been specially manufactured and laid in spite 
of determined enemy air attacks during the 
laying operations. 

Electric cables were installed in readiness to 
ignite the flame defences which had been pro- 
vided on the English coast as a protection against 
invasion. 

The Ministry of Aircraft Production had an 
enormous appetite for electric cables. In the five 
and a half years of the war the British cable- 
making industry provided 114,000 miles of 
different types annually. The wiring of every 
Lancaster bomber requires four and a half 
miles of cables. A Rolls-Royce Merlin engine, 
when assembled for mounting in a fighter or 
bomber, alone embodies 76 core yards of cable. 

To enable Britain’s prodigious air fleet to 
operate 200 existing airfields had to be re- 
constructed, while a further 500 new airfields 
had to be provided. Every airfield required 
many thousands of yards of electric cables to 
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be cleared wlicre the labour situation was particu- 
larly acute or the job itself was more dimcult 
than the average. Any firm on work of national 
importance and requiring assistance was able to 
call on their services until the difliculties were 
ironed out, and IZMTAC’s success was due 
in no small measure to the helpful cooperation 
of the works stafl', from the management down- 
wards. 

Vcr>’ valuable voluntary service was provided 
by the trade in the matter of speedy investigation 
and assistance in overcoming the cn'ects of air- 
raid damage of machine tools and ancillarj' 
equipment. In each important manufacturing 
centre a voluntary committee was set up. the 
members of which, immediately upon the report 
of air-raid damage iK'ing received at head- 
quarters of the Machine Tool Control, proceeded 
to the .scene of tlic incident and made such imme- 
diate arrangements as were possible to deal with 
the situation. A pool of machines was reserved 
to provide immediate small scale replacements, 
and a repair organixation was built up to deal 
witli both short and long term repairs. 

Another outstanding achievement in the drive 
for more production was brought about early in 
the war by the inauguration of the Mutual Aid 
Scheme, which came into being in connc.xion 
witli a nation-wide survey of cutting tools in- 
stituted by the Controller-General of Machine 
Tools and carried out by men lent by the trade. 

Following a proposal and trial in the Midland 
Region of a voluntary survey organixation carried 
out by members of the trade, a number of mutual 
aid exchanges were set up and firms were in- 
vited to attend meetings held in diflcrcnt districts 
of the region and to present at these meetings 
details of their immediate and most urgent short- 
ages, also giving details of tools and equipment 
which they were prepared to lend or sell to any 
other firm who might be in urgent need of them. 

The meetings were presided over by a chair- 
man, who called on each member in turn, and 
something like 80 per cent, of the demands put 
forward were satisfied then and there. The two 
parties to the transfer were put into direct con- 
tact and apart from a note of the transaction no 
official paper work was involved. 

The scheme was an immediate success and the 
organization of these mutual aid exchanges was 
gradually extended over the whole country. 
Within a few months more than 100 of these 
exchange centres met at regular intervals and 
several million tools were exchanged to relieve 
immediate production bottlenecks. 
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FABRICATION OF 
ALUMINIUM 

I T is fitting that aluminium has reached its 
centenarj' in 1945. and that victory in Europe 
coincided with the 100th anniversary' of the 
production by Wiihlcr of the first malleable bead 
of the metal. 

Britain has taken the lead in aluminium 
fabrication ; the commercial production dates 
from 1S5S. when the first aluminium works was 
established in this country at Battersea by F. W. 
Gerhard. Although Nature has not provided us 
with high-quality bauxite, and our water-power 
supplies are severely limited, British light alloys 
played an outstanding part in the aircraft 
industry's contribution to victory. 

'lire fabricating industry has built great new 
plants in record time, completely reorganized 
technique and methods, developed new materials 
for special purposes, successfully undertaken the 
huge Job of tniining unskilled labour to perform 
highly skilled jobs ; and in tunc with this national 
cITort tJiere is the great part played by the 
secondary metal refiners. 

Light alloys of every’ type arc an integral part 
of aircraft fiibrication, and during the war the 
light alloy industry has seen how productivity can 
be increased by long-range planning and by the 
enthusiastic cooperation of management and 
labour in pursuit of a clear-cut objective. Tire 
very' efficient factories which we have organized 
and equipped will now rank as important capital 
assets in our national eeonomy. Some accurate 
notion of the expansion can be gained when it is 
recalled that in 1936 the total average annual 
production of magnesium castings was only 400 
tons. Yet at one stage of the war we were pro- 
ducing die-cast incendiary bombs at a peak rate 
of 4,327,000 castings a month. Castings other 
than bomb castings were produced at the rate of 
700 tons a month. If the weight of a bomb 
casting be taken as 18oz. tlie total weight of 
4,327,000 castings is about 2,200 tons a month. 
With other castings this gives a total of 2,900 tons 
a month, or production peak rate of 34,800 tons 
a year. 

Tlie first and most important task facing the 
light alloys industry was to increase output when 
war began and to keep on increasing it. This 
involved great extensions to existing plants and 
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hcforc. c;irr>iru: oiil the prcci';e operations of 
spcctroprapJtic aru! chemical analysis, tensite- 
testine. aiul X-ray inspection." 

All through the pericul of rapidly expandine. 
liehl alloys output the same hie.h standanl of 
((iiality. foruliich the Uritish .iluminiurn industry 
is famed, hail to K- maintained, and uas main- 
t. lined by line tcam-uiirl. atid pisc-and-lahc 
collai'oration K-tuecn planning and production 
engineers a.nd mct.dlurpists. Circ.it chances 
had to be m.ule in manul'acturinc meih(Hl>-. pro- 
cedures ba.scvl on se.us of c.uUiously acquired 
experiences uerc .altered osefiiiphl in the race 
for production there uas Imlc time for experi- 
ment. Th.it quality did not sutler, that feu 
projects met uith f.iiliire. is primf of the yreat 
fund of melallurnic-il bnoulcdye and experience 
built up in tltc lielit uHisss imhistrs In its !ony 
adherence to its policy of scientilic tesc.irch and 
control, 

'Ihcn as productum pot into its stride there 
uas superimposed the dem.ind for c\cn hiph- 
qtialits alios s, atul for increased streneth at 
clesated temivr.itures to en.ible hipher per- 
formances to K- aehiesed from tiphtinp aircraft. 
The industry, still in llie lltroes ol' produetion 
and cxp.insion, intcnsitied its research activities: 
uiilunit alVcctinp production, alloy compositions 
were modified, ncu alios s uerc deseIo{vd, and 
improsed methods of castinp, \\or>.inp. lieat- 
trcatnient, and control sscrc csolsed. 

One of the lip.ht alloys industry's preat achiesc- 
rnents of the expansion period was the rcsolution- 
ary clianpc in ilte policy of utili/ation of secondars- 
material. I'inancial risks had been taken early 
in the svar by the secondary-metal rclincrs in 
builditut up stocks of material which Isecame such 
a vital factor in the supply of aluminium to the 
fabricating induslrs'. 

Users of light alloys undertook the segregation 
of their scrap according to specification, thus 
removing much of the tedious work of sorting 
and blending for rcmelting : the .secondars' niami- 
faclurers multiplied their plant and instituted 
the closest control at all stages in their refining 
processes : the light alloys founders and fabric- 
ators studied the clVccts of incrca.sing proportions 
of " secondary,” and eventually evolved limits 
not only for their output generally but for 
individual processes and components. To-day 


the amount of material wasted has been reduced 
to a trifling figure, and almost a third of the 
nation’s rcc|uircments for aluminium alloy is 
supplied from secondars- metal. 

In spite of labour shortage, bombing, priorities, 
and fieasy demands on its limited numbers of 
experienced cxceiitivcs and technicians, the light 
alios s industry ssas able to provide experts first 
t(« org.mi/c ;md then to operrite the Light .Alloy 
ControK, sshosc excellent svork. svhich svon the 
admiration of British and .American c.xccutiscs. 
played a most important part in securing the 
smooth supply of raw materials into industry 
and the proper allivation of its output. 

.As .1 pr.’.ctical example of the cfiiciency of 
the industry. <’ne may fake the highly stressed 
crankc.ise existing of the Rolls-Royce Merlin 
engine ; its performance and reliability base been 
put to the sers hardest test in all parts of the 
ssorld. ^'ct a large proportion of these crank- 
c-oes ha.s Iven produced in a foundrs- built for 
fttll-se.ile mass production during the first stage 
of the svar. and the casting is produced sers- 
largely by girls. 

Brodticfion ssas at tlic rate of 500 of these 
ci'mplic.ited c.isiingA each ueek. When aluminium 
ssas at a controlled price of 11. Sd. per pound 
(£110 ivr ton) this casting svas produced for 
2s. 5d. (vr Ih. With the present ruling price of 
per ton the casting is Iscing made for belosv 
. 2s. .'d. per lb.- and it must Ih: emphasized that 
it is a scry complicated casting made in a high- 
diifs, heat-treated alloy. These figures refer to 
castings rnaile from primaiy materials, but sve 
must also fake into account the important 
development of .secondars- alloy.s from scrap 
already mentioned. Secondary aluminium of 
high iiuality can be made to sciy- close com- 
position tolerances for less than £45 per ton. 
or 4.Sd. per Ih. This means that such a casting 
as tlie Merlin crankca.se can be made from 
secondary material for less than Is. 7d. per lb. 

lliese arc but a fesv of the contributions svhich 
the light alloys industry made to the war effort. 
That it succeeded through the Ministry of Air- 
craft Production in supplying the nation’s 
largest ss-ar industiy svith all its requirements, 
while still improving the quality for sshich it ss-as 
famed beforc the svar, is cs-idenced by the ever- 
growing might and high technical efficiency of 
Royal Air Force equipment. 
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NON-FERROUS METALS 

C OPPER, zinc, lead, tin and nickel — 
the major non-ferrous metals other than 
aluminium — are vital sinews of war, as 
well as being of fundamental importance to 
industry in peace-time. In peace-time these 
metals are widely used in the electrical industry, 
in building, motor-cars, general engineering, 
factory and household equipment, chemical 
plant, food processing and canning, and in a 
great variety of smaller applications. 

In war-time there is a large demand for brass 
(copper and zinc) for shell cases and fuses ; 
copper wire and cables are needed for military 
communications, and there is a large indirect 
military demand for the wiring of war factories 
and aerodromes ; zinc alloy diecastings are used 
for fuses, zinc sheets for battery cans, and zinc 
oxide and zinc dust for smoke mixtures for con- 
cealment of military operations ; lead is primarily 
needed for cable sheathing and for batteries for 
naval craft and military vehicles, and there is 
also some demand for lead for ammunition pur- 
poses, although this has been much smaller than 
in the war of 1914-18 owing to the replacement 
of shrapnel by high explosive ; nickel goes 
primarily into alloy steels, though it is of great 
importance in Radar equipment and aircraft in 
particular ; and tin is required for food canning 
for military stores and for bearing metals, bronzes, 
and solder. 

In general, therefore, there was at the outbreak 
of war the prospect of a large war demand for 
the above metals, superimposed on an already 
large peace-time demand. The following figures 
compare the extent of the United Kingdom con- 
sumption of the metals pre-war and during the 
war : — 


— 

Tons per annum 

Average 

Pre-War 

1936-38 

Average 
War Years 
1940-43 

Copper . . 

270,000 

456,000 

Zinc 

200,000 

249,000 

Lead 

345,000 

223,000 

Tin 

22,000 

27,500 

Nickel 

11,500 

21,500 


Against such large requirements the United 
Kingdom mine output of the metals is negligible. 


so that practically the whole of the tonnages 
which have been needed have had to be imported. 
The central problem was, therefore, to ensure 
sufficient supplies for war needs and essential 
civilian purposes, but, at the same time, to reduce 
so far as possible the demand on shipping and 
on our resources of foreign exchange. The 
utmost economy in the use of the metals was, 
therefore, of paramount importance. 

Copper, zinc, and lead came under statutory 
control in the United Kingdom immediately 
at the beginning of the war, and tin and nickel 
after the United States entered the war. These 
metals, and also cadmium, antimony, and cobalt, 
were placed under the Non-Ferrous Metals 
Control of the Ministry of Supply. 

To ensure adequate supplies of copper, zinc, 
and lead, long-term contracts were arranged 
between the British Government and producers 
in Empire countries. These contracts had been 
discussed in the months before the war, and their 
main lines had been settled when war broke out. 
They represent an outstanding achievement of 
Empire cooperation on the part of the copper 
producers in Canada, Northern Rhodesia, and 
South Africa, and the lead and zinc producers 
in Canada, Australia, and Burma. The pro- 
ducers agreed to sell their exportable surplus at 
f.o.b. basis prices, which were closely in line 
with the level of prices existing just before the 
outbreak of war, and were to be reimbursed for 
subsequent increases in their costs of production. 

The scale of the Empire contribution is 
illustrated by the fact that during the five years 
and four months from September, 1939, to 
December, 1944, Canada, Australia, and North- 
ern Rhodesia together supplied to his Majesty’s 
Government 5,000,000 tons of copper, zinc, 
zinc concentrates, and lead. 

In the United Kingdom the main problem 
was to confine the use of the metals to strictly 
essential purposes. It was fairly easy to eliminate 
obviously inessential uses and luxury articles ; it 
was far less easy to reach decisions that, for ex- 
ample, the use of copper and lead pipe and sheet 
for plumbing and roofing purposes should be 
virtually stopped, that tinplate could no longer be 
available for a large variety of canned goods, or 
that the release of zinc oxide as an ingredient in 
paint must be severely limited. 

Service requirements needed no less careful 
scrutiny, and for a large range of requirements 
(for example, ammunition box linings, fuse 
covers, caps and components, military equipment. 
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pressure to produce food to the maximum 
grazing cattle and sheep are the mainstay on 
many farms. This was the state of aftairs before 
tJie war. The grazing cattle were largely dairy 
cows, because milk production offered a regular 
and steady income at a time when other prices 
were low and uncertain. We had big pig and 
poultry industries, mainly on specialized lines, 
which depended to a great extent on imported 
feeding stuffs, as indeed did the dairj- cows. 

For some time before the outbreak of war 
the Government had plans prepared for a big 
increase in the production of cereals, potatoes, 
and other tillage crops which would cut down 
bulky imports. There was no doubt about the 
policy to be pursued. An acre of permanent 
grass feeds only one to two persons ; that acre 
ploughed up and sown with wheat feeds 20. 
and planted with potatoes feeds 40. Nor could 
there be any doubt about the scope for increased 
output on these lines. The arable area had 
fallen as low as 13,000.000 acres, out of a total 
area of crops and grass of 32,000,000. The 
ploughed area was the lowest ever recorded, 
being 2,000,000 acres less than at the start of 
the 1914 war. 

As early as May, 1939, the Minister of Agri- 
culture offered farmers a grant of £2 an acre 
towards the cost of ploughing up permanent 
grass land. Steps were also taken then to increase 
tlie home manufacture of tractors and farm 
machineiT'. In the weeks from May to the 
outbreak of war in September, 350,000 acres 
of grass were ploughed and added to the acreage 
ready for grovN'ing bread grains. This w’as a 
good start, but matters could not be left entirely 
to the patriotism and business sense of fanners. 
Some direction must be given to the food pro- 
duction campaign if the countrj' was to rely 
on home production for definite amounts of 
wheat, barley, oats, potatoes, and sugar beet. 

At the same time tlie production of milk 
had to be sustained and more N'egetables grown 
to keep the right balance in tlie national diet. 
Inevitably there would be some conflict between 
milk production, w'hich requires grazing, and 
plougliing up for com gro\ring. Some central 
direction in policy matters had to be gi\'en, 
but the Ministry' of Agriculture was reluctant 
to take on itself the detailed control of the 
campaign in the counties. 

Immediately on the outbreak of war the 
Minister set up War Agricultural Executive 


Committees in each of the 61 counties in England 
and Wales. The members of these committees 
were appointed direct by the Minister to act 
as his local agents. They in turn divided the 
work between district committees. In some 
counties there are six or seven district com- 
mittees, in others a dozen or more. Most of the 
committee members are farmers. They do not 
recei\'e any payment beyond out-of-pocket 
expenses. To assist them they have technical 
staffs, some of whom are qualified to advise 
farmers on the reclamation, manuring, and 
cultivation of land, the management of dairy 
herds, and such technical problems. Others are 
engaged in supen'ising the supplementary labour 
controlled by the committees, such as prisoners 
of war, Women's Land Army, and Irishmen. 
Others administer the rationing of feeding stuffs 
and the allocation of machinery. 

Thanks to the work of tliese committees, who 
know their districts intimately and the capacity 
of each farm and farmer, over 7,000,000 acres of 
grassland have been converted into arable and in 
tlie main good crops have been grown. The home 
production of food has been increased by 70 per 
cent. Some farmers have not responded to the 
advice given them by the committees and have 
failed to carry out cropping directions served on 
tlrem. In tlie most obdurate cases tlie committees 
have power to recommend the Minister to dis- 
possess the farmers. This extreme power has not 
been used widely. The Minister stated a few 
months ago in the House of Commons that 
2,353 farmers had been required to leave their 
farms and homes. This represents 0.63 per cent, 
of the total number of holdings. 

The War Agricultural Committees have also 
been concerned to increase the milk supply, 
particularly during the winter months. The 
extension of the National Milk Scheme, providing 
milk free or at reduced cost to mothers and 
children, has made hea^'}’ calls on the milk 
supply, necessitating the strict rationing of 
ordinarj' consumers in tlie winter. Considering 
the difficulties which farmers have had to over- 
come in providing adequate winter rations for 
their cows and maintaining sufficient labour for 
regular milking, this result is most satisfactory. 

The labour problem is now acute on many 
daiT}' farms. Land Girls have been brought in as 
milkers and have given most excellent serrice, but 
as cows have to be milked tnice a day for seven 
days a week the job is not popular, especially 
since the introduction of P.A.Y.E., which reduces 
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FOOD PRODUCTION AT 
HOME 

B ritish agriculture’s task in this world 
war, as in the last, was clear. This time 
the Ministry of Agriculture and farmers 
got a flying start. Our land had to produce 
as much food as possible and as quickly as 
possible, so as to release shipping for the vital 
purposes of war. Hitler knew well enough that 
Britain’s dependence on imported food was a 
weak link in her armour. Before the war we 
produced only 40 per cent, of our food needs, 
relying for the rest on Canada, Australia, New 


Zealand, South America, and the western 
European countries. We could not hope to 
become completely self-supporting if our 
45,000,000 people were to have an adequate 
diet which would keep them fit for the strenuous 
tasks which total war imposes on all, but home 
production now meets 70 per cent, of the nation’s 
needs. We have had to be content with bare 
necessities and a diet balanced on scientific 
standards, with little regard for the preferences 
of the consumer. The war-time' diet has been 
dull, but it has been adequate. Indeed, a good 
many people in this country are living on a 
sounder diet to-day than they did before the war. 

The United Kingdom is naturally a grass 
country. That is to say, grass grows readily 
in our climate, and when there is no great 



Harvesting in progress on the Sussex Downs near Newhaven. Over 7,000,000 acres of grass land have been coi 

into arable land for the growing of crops. 
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TIMBER AND 
WOODWORKING 

T he war has brought home to the public 
in terms of deprivation and incon- 
venience, if not of statistics, the 
importance of timber in the national economy. 
Over 95 per cent, of our timber was imported. 
Imports of softwood alone were the heaviest 
import item, being even greater than those of 
iron ore or wheat. In terms of value our oversea 
purchases of timber were by far the most import- 
ant of our raw material imports. 

Since timber was always plentiful in supply 
the public did not realize its importance as a 
war material, and Sir Arthur Salter’s plea in the 
House of Commons before the war that an 
emergency purchase should be made to relieve 
shipping if a crisis should occur brought no 
response from members. Even after the Munich 
crisis our softwood stocks fell so that when war 
broke out they were well below the normal 
level. 

The published statistics relating to the war 
effort reveal the extent to which shipping diffi- 
culties, and in particular the Battle of the Atlantic, 
endangered our essential supplies and tlirew a 
strain on the timber-using trades. No other 
raw material of magnitude shows anything like 
the same fall of imports, nor indeed was any 
other bulk material replaced by home production 
to the same degree as timber. The bulk of our 
softwood used to come from Russia, Scandinavia, 
and the Baltic countries, while we received large 
quantities of pit props from France, but the 
course of the war cut us off from all these supplies. 
In 1942, at the height of the Battle of the Atlantic, 
our normal imports of 9,750,000 tons fell to less 
than one-fifth of their normal level, and in 1943 
were only 1,750,000 tons. 

Quite apart from considerations of exchange 
and price, this situation alone would have made 
it necessary for the Government to make or 
control aU oversea purchases, and except for 
certain specialized woods which the various 
trades handled imder licence, imports have been 
purchased by the Timber Control on National 
Accoimt. As private pre-war stocks were used 
up, the bulk of the timber in the coimtry thus 
came to be national timber handled by wharfingers 
as agents of the Minister of Supply. The task 


of the Timber Controller has not been easy. 
Except for useful but small quantities of Russian 
timber, we had to look to Canada for the bulk 
of our imported softwoods. Great as this 
Canadian productive effort was even these 
supplies were not free of difficulty, since the 
scarcity of tonnage made it necessary to rail 
across Canada from the west coast no less than 

2.250.000 tons. 

These supplies, vital as they were, left us with 
the problem of running our economy, including 
war production, on an import one-fifth of the 
normal level. One contribution to the solution 
was home production. Britain is not a heavily 
forested area, its lumbering industry was on a 
small scale, the business um’t small, and the 
labour force, particularly the number of skilled 
men, also limited. The policy of the Home 
Timber Production Department was to rely 
upon the maximum of trade production, and to 
help this out by the Department’s own production 
as a balancing factor to work the less accessible 
stands or to take up some special type of pro- 
duction urgently required. 

In 1943 home production at 3,800,000 tons was 
eight times larger than pre-war, a growth to which 
no other bulk material can show a parallel. 
Instead of providing only 4 per cent, of our total 
supplies, in 1943 it contributed one-half. Among 
its more striking achievements was the almost 
complete replacement of an annual import of 

2.500.000 tons of mining timber, including pit 
props, by home production. The labour force 
was raised from 10,000 to 70,000 by the use of 

7.000 men in Canadian, Australian, and New 
Zealand military forestry units, of 2,000 men from 
Newfoundland, and others from British Hon- 
duras, as well as over 6,000 girls of the Women’s 
Timber Corps. 

The Women’s Timber Corps, which was 
established in 1942, worked largely out of the 
public eye, and has therefore received less public 
recognition than it deserves, yet these girls, 
drawn from a great variety of unlikely occupa- 
tions, for they included shop assistants, milliners, 
typists, and teachers within their ranks, substi- 
tuted for men- over a wide range of processes 
from measuring to light felling, tractor-driving, 
and work on the saw bench. 

The third line of attack on the problem was 
economy in the use of timber, and this had to be 
secured without endangering the war effort. 
This was accomplished through the machinery 
of the Timber Control Area Offices, which 
covered the whole country, and the insistence that 
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;ing view taken at a British factor^' showing a line of tractors ready for work on the land. The mechanization of 
g was essential to meet the demands for more home-grown food, and the output of agricultural machinery was 

greatly increased. 


the amount of overtime money going into the 
worker's pocket. Minimum wages, averaging 
under 35s. a week for men before tiie war, have 
been raised to a national minimum figure of 70s. 
a week. The total labour strength of agriculture 
in England and Wales increased during the war 
from 607,100 in 1939 to 740,500 in 1944. There 
were fewer regular male workers, some of the 
younger men having been drafted into the Army 
at 18 or 19, but agriculture was able to draw on 
some supplementary help, notably through 
volunteer land clubs and holiday harvest camps 
for schoolboys and also adults. 

An important factor in securing increased 
home production was the Government’s guarantee 
of markets and prices. Farmers were able to 
count on satisfactory returns for cereals, potatoes, 
and also for milk. Recently there has been a 
change of emphasis in Government policy 
favouring livestock production. Siege conditions 
are past, but dairy products, meat and eggs are 
scarce in the world, and Britain will need all the 
home production she can get for some years to 
come. More sheep, more pigs, and more hens, as 
well as more cattle, are wanted. The Minister has 
stated the targets which the Government hope to 
see achieved this year and next year. No limit is 


set to home production, and as farmers know the 
prices guaranteed for 18 months ahead there is 
every reason to expect a satisfactory’ response, 
provided that the additional feeding-stufTs needed 
for an extension of pig and poultry production 
arc found cither by increased imports or by setting 
aside some home-grown cereals for stock feeding. 

The achievements of British farming in the war 
years have shown that this country still has some 
of the best farmers and farm workers in the world. 
Americans and Canadians who have come here 
to sec for themselves have been loud in their 
praises. Crop yields generally have been remark- 
ably good, thanks to fuller mechanization, which 
has enabled cultivations, even on the greatly 
increased arable area, to be done at the right 
time, and thanks also to the largely increased use 
of fertilizers, notably nitrogen and phosphates, in 
which many soils prove deficient when brought 
under the plough. 

To-day the lessons of science are being put into 
practice on the great majority of British farms. 
Technical advice is indeed now becoming the main 
function of the War Agricultural Committees, and 
its ready acceptance by the general body of 
farmers is a good augury for future standards of 
farming in this country. 


TIMBER AND WOODWORKING 


no timber could be used or obtained without a 
licence specifying the amount released for each 
individual job. This involved dealing with 
600,000 to 700,000 licences a year, and in view 
of the drastic economies enforced on the appli- 
cants it speaks well both of the Control and the 
consumers that the volume of real complaint has 
been so small. 

By January, 1940, even consumers’ private 
stocks were brought within the system of licence. 
As war needs expanded and timber supplies 
declined acute questions of priority arose, and it 
became necessary to supplement the licensing 
system by giving each Government Department 
a timber ration or account. Out of this it had to 
provide for the programmes for which it was 
responsible by issuing “ timber cheques ” to its 
contractors and consumers. 

The public has gradually learned the severity 
with which Timber Control has been compelled 
to use the licensing system to carry out its 
economy functions. Some uses of timber were 
prohibited altogether — namely, for pianos, gar- 
den furniture, dog kennels, &c. The manufacture 
of furniture was first limited and then pro- 
hibited altogether for a period, and long before 
the system of building licences began Timber Con- 
trol stopped the release of timber for private 
building completely. In other cases the amount 
of timber released was greatly reduced. 

Thus the loss of imported ^shed matches and 
the reduction of imports of wood for matches 
was only partly replaced from home sources, so 
that total match consumption was reduced by 
one-third. In other cases redesign to secure a 
reduction in timber content was suggested and 
enforced. For wartime houses only a fifth or less 
of the usual amount of timber was allowed, and 
even coflSns were slimmed in thickness to yield 
a saving of 500,000 cubic feet per annum. Nor 
were the services and Supply Departments free 
from scrutiny. Thousands of War Office speci- 
fications were overhauled in the early stages of the 
war, and m the later stages timber specifica- 
tions were worked out in advance with Timber 
Control. 

The substitution of home-grown for imported 
timber, or hardwood for softwood where technic- 
ally possible, and of plywood for solid wood was 
demanded from manufacturers and departments 
alike. The railways accepted very large quantities 
of home-grown wood for sleepers and wagon 
building, while the Post Office relaxed the strin- 
gency of its specifications for telegraph poles. 
Even slabs and off-cuts and 200,000 tons of 


reconditioned timber salved from bombed 
houses and second-hand crates were pressed into 
service. About a quarter of our softwood goes 
to make packing cases and boxes of various 
kinds. Great economies were secured by making 
the release of timber conditional upon arrange- 
ments for a high degree of retumability, while 
the endless types of agricultural packing were 
reduced to eight, and those of fish boxes were 
brought down to three or four economically 
designed sizes. 

It was by such measures as these that we were 
able to provide for the great war programme, as 
well as to reduce total consumption to one-half 
and softwood consumption to less than one- 
third of the pre-war level. The provision of 
thousands of army huts, miles of flooring for 
Bailey bridges, thousands of tons of shuttering 
for Mulberry, chestnut pale fencing for track- 
ways, heavy piling timber for dock construction, 
millions of bunks for A.R.P. shelters, and 
hundreds of thousands of tons for beach-head and 
Pacific packing was thus made possible. The 
production of a high grade of aircraft pl 3 WOod 
made from imported birch, &c., the search for 
Balsa, and the development of the all-wood 
Mosquito are a story in themselves. 

These results were secured only at a price. 
The cut of our limited woodlands was far more 
severe than that in many countries occupied by 
the enemy, so that not only is there the task of 
restoring depleted national resources, but there 
is a difficult adjustment in front of the home- 
grown trade, which now finds itself with most 
of its accessible raw material gone. Importers 
also have a new situation to face. Although 
before the war timber-producing countries were 
beginning to take concerted action in their own 
interests, as a great importing coimtry our 
buying strength was a sound bargaining counter. 
But the devastation in Europe, together with the 
fact that timber is the great emergency material, 
means that we now face a seller’s market. It may 
be that for some time softwood purchasing will 
stiU have to be on Government account. 

The trade is also troubled lest the enforced 
substitutions for timber should become per- 
manent. There is no doubt that we have learned 
to use timber more scientifically, though how far 
these new practices will be retained when supplies 
are more plentiful is a matter of some controversy. 
The various wood-working and fabricating trades 
have also got their troubles. Owing to the 
pressure of urgent war demands these trades 
have been provided with machine tools on a 
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gear, battery boxes, press tools and jigs, water 
lubricated bearings may be cited as examples of 
the wide range of articles made from this material. 

Plastics have played an all-important part in 
the wooden airscrew. The wood laminates are 
cemented together with urea formaldehyde glue, 
the root end is made of compregnated wood, and 
the entire blade is covered in thermoplastic sheet- 
ing. With this plastic skin the blade is imper- 
vious to weather conditions, and it has protection 
from flymg stones and particles of grit when the 
aircraft is taking off. These materials were in 
large-scale production throughout the war, and 
in fact many of the fighters which won the Battle 
of Britain were already equipped with airscrews 
made from them. 

It is not possible in a short article to give a 
complete survey of the great part the British 
plastics industry played in the war, but enough 
has perhaps been said to show that the skill of 
British workmen in producing very high-grade 
moulds and the skilled technique of the moulder 
and fabricator, whose main occupation in peace- 
time was to produce highly decorative articles, 
made a great contribution to the national war 
effort. 
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DRUGS AND 
PHARMACEUTICALS 

A S far back as 1936 Government Depart- 
ments were engaged 'on plans designed 
to safeguard supplies of ^'essential 'drugs 
and medical products in the event of war with 
Germany. Estimates of requirements of essential 
drugs were prepared and, later, action was taken 
through the appropriate Supply Committee to 
augment stocks and to supplement the stocks 
of certain important crude drugs in the hands of 
private traders by the setting up of Government 
reserves. These reserves included opium from 
Turkey, ipecacuanha from Brazil, and ergot from 
Spain and Portugal. 

After the outbreak of war the supply position 
of certain important vegetable drugs was further 
strengthened by an increase in production on the 
part of British commercial growers and through 


The large-scale production of 
penicillin was one of the most 
important war-time efforts of the 
chemical industry. These photo- 
graphs show two stages in its 
production. Top : Emptying the 
mould from bottles. Below : The 
mould developing in an incubator. 
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special fluids used in the hydraulic systems. 
Its abrasion resistance is remarkable, and it 
has been found that it is an excellent material 
for the curtains of shot-blasting cabinets. 

It is well known that petrol is a solvent for 
rubber, but extruded tubes of this rubber-like 
material, P.V.C., have been successfully used as 
petrol feed pipes in aircraft, thus overcoming 
the danger from fracture due to vibration fatigue 
of metal petrol pipes. It has also been used for 
medical tubing and irrigation bags for giving 
continuous saline baths in case of extensive 
bums on limbs. Paratroopers were supplied 
with small water bags made from P.V.C. which 
roll up into a small space when not required. 

Large quantities of laminated sheet were used 
in peace-time for electrical insulation — ^par- 
ticularly for telephone and radio equipment. 
In modem warfare speed and reliability of 
communication may frequently determine whether 
battles are won or lost, and where radio played 
such a large and important part — ^not only in 
communication, but in detection also — phenolic 
laminated materials fulfilled a vital role. 

Fabric-reinforced material is increasingly used 
for mechanical components of aircraft where light 
weight (laminated plastics are little more than 
half the weight of aluminium) and strength are 
valuable features. Many different components of 
the Mosquito, including such an important part 
as the piston in the undercarriage system, are 
made from phenolic laminated plastics. 

In the early part of the war a reinforcing 
material was required for wooden aircraft. 
Laminated plastics were thought to be suitable, 
but aircraft manufacturers experienced difficulty 
in gluing the material to the wooden parts of the 
aircraft. Faced with this problem, the plastic 
manufacturers produced a laminated material 
with a wood facing, thus enabling the aeroplane 
manufacturers to take full advantage of the 
laminated plastics while employing wood-work- 
ing technique. 

Non-magnetic materials were in demand, both 
for the manufacture of mines and ’for mine 
detectors. Detectors rather like giant sweeping 
brushes without bristles, which became familiar 
through pictures of land mine clearance in the 
North African desert, are made entirely of 
phenolic laminated plastics. 

Special types of instrument cases which would 
normally be made of wood were made of lamina- 
ted plastics, which are not affected by tropical 
conditions of heat and humidity to the same ex- 
tent as is wood. Because of their self-lubricating 
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properties laminated plastics have also been used 
for bearings for tanks. 

The partnership between wood and plastics, 
developed enormously during the war. The in- 
vention of a melamine hardener, with boiUng 
water resistance, for urea resin-bonded plywood, 
made it possible to produce aircraft plywood in 
low temperature veneering presses. The use 
of plywood and laminated construction with 



A war-time application of. the use of plastics was 
for nose caps of shells. One of the processes in 
manufacture is seen in this picture. 

cold-set gap-filling glues allowed the construc- 
tion of the highest performance aircraft in furni- 
ture factories ; and the world’s fastest bomber, 
the Mosquito, and the world’s biggest glider, the 
Hamilcar, were the result. 

Another example of the partnership between 
wood and the plastic resins is the material known 
first as “ improved wood ” — very thin veneers of 
wood alternated with sheets of resinous film or 
liquid resin glue. Under heat and pressure the 
resin impregnates the wood and the whole is 
bonded into a compact material which possesses 
properties derived from both wood and plastics. 
They have great strength, goad electrical proper- 
ties, resistance to chemicals, dimensional stability, 
and excellent machinability. Electrical switch- 
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At the outbreak of war little was being done 
in this country in the manufacture of the newer 
sulphonamides such as sulphathiazole and sulpha- 
quanidine, the latter of which has been invaluable 
in the treatment of bacillary dysentery, and has 
been required in very large quantities by the 
services. Production was established in this 
:ountry after the outbreak of war, and the 
3utput of each of these two drugs is now in the 
neighbourhood of 80 tons per armum. 

Before the entry of Japan into the war the 
vorld relied on quinine for the treatment of 
nalaria (a disease which is probably the biggest 
single cause of death). The fall of Java, which 
nroduced 95 per cent, of the world’s quinine, 
vas therefore a matter of the gravest concern, 
jspecially since active operations were likely to 
;ake place in malarial zones. 

In consultation with the United States steps 
vere taken to conserve such stocks of quinine 
is then existed and to restrict them to the treat- 
nent of malaria. Simultaneously, joint steps 
vere taken to explore the possibilities of obtaining 
cinchona bark (from which quinine is extracted) 
Tom other sources, mainly South America, 
foint plans were also made for the manufacture 
af an alternative drug of German origin known 
IS atebrin, but now manufactured in Britain 
mder the name of mepacrine. This drug had 
lot been extensively tried out as an alternative 
xeatment and was being made only in very small 
juantities, either in the United States or in 
his country. There was, however, sufficient 
hith in its efficacy to warrant making provision 
in an extensive scale. These steps have been 
'ully justified, with the result that the drug is 
proving to be in some respects even better than 
quinine both therapeutically and prophylactically, 
ind the present joint output of the United States 
md Great Britain is equal to many times the 
previous world production of quinine. 

One of the most important war-time demands 
which the fine chemical industry had to meet 
was for penicillin, which reached the practical 
stage in 1938-39. The story of its development 
by British scientists from Sir Alexander Fleming’s 
iiscovery in 1929 to its large-scale production 
IS a therapeutic agent both in Britain, under 
lirection of the Minister of Supply, and the 
United States, under the direction of the War 
Production Board, during the war is now well 
mown. 


The academic workers collaborated with 
commercial manufacturers in an alliance regarded 
as a good ^augury for the future, and enough 
penicillin was produced for clinical tests on 
which the most effective dosage and the best 
method of treatment were worked out. 

In 1942 Professor Florey went to the United 
States and placed at the disposal of experts 
there all the theoretical and practical knowledge 
that he and his co-workers had accumulated. 
Descendants of Fleming’s mould, which hitherto 
were the source of the world’s entire supply, 
were taken to America and laid the foundation 
of manufacture there. In 1943 Sir Howard 
Florey, with Brigadier H. Cairns, carried out 
in North Africa an investigation into the use of 
penicillin in war wounds; Later the information 
resulting from the interchange of experience 
between British and American investigators 
was placed at the disposal of Russian scientists. 
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INDUSTRIAL ALCOHOL 

T he outbreak of hostilities in 1939 placed p 
a heavy burden on the manufacturers of 
industrial alcohol and solvents, as these 
materials enter very largely into war production. 
The list of usages of industrial alcohol and its 
derivatives, such as acetone, butyl alcohol, and 
acetic acid, is formidable and covers, among 
many others, the manufacture of propellants, 
war gases, liquid coolants for aircraft engines, 
air-screw de-icing, parachute fabric, hydraulic 
fluids for power-operated gear for aircraft and 
armoured fighting vehicles, and plastic materials 
and finishes of all kinds. 

While the pre-war capacity for producing 
industrial alcohol was sufficient to meet all 
requirements for the above purposes, the greatly 
increased demand for acetone and butanol 
was such that the industry was asked to instal 
considerable additional equipment. 

The principal raw material from which 
industrial alcohol is manufactured in this country 
is molasses, which is a by-product of sugar 
manufacture and is produced wherever cane sugar 
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a scheme of private collection organized by 
County Herb Committees on behalf of the 
Vegetable Drugs Committee estabhshed by the 
Ministry of Health. Among the important crude 
drugs grown commercially on an increased scale 
or collected under the scheme were digitalis, 
belladonna, hyoscyamus, and male fern. Rose 
hips contain Vitamin “ C,” and through the 
County Herb Committees large quantities were 
collected and provided a valuable addition to the 
none too plentiful supplies of that important 
vitamin. 

While at no time was there a serious shortage 
of any vital drug owmg to the measures taken, 
it became evident during the early part of the war 
that, in order to conserve supphes and to deal 
adequately with the difficult supply position that 
seemed Ukely to arise during a long war, co- 
ordination of the various activities was necessary, 
and accordingly in 1941 the Directorate of 
Medical Supplies was established in the Ministry 
of Supply. Since then all aspects of medical 
supplies have been dealt with by the Directorate 
in the closest cooperation with the United States, 
including production, controls, imports, exports, 
and the provision of supplies for the Dominions, 
colonies, alhes, Unrra, and liberated coxmtries. 

In the field of synthetic drugs, one of the most 
difficult problems facing the pharmaceutical 
industry at the outbreak of war was the produc- 
tion of a British equivalent for every foreign 
proprietary product considered to be essential. 
The high percentage coming from Germany 
was cut off the moment hostilities began, and the 
collapse of France reduced the available range 
still farther. 

As early as the Munich crisis in 1938 the 
British drug industry laid its plans. As a result 
of conferences between representatives of the 
Manufacturers’ Association and the Medical 
Research Council a fist of 17 vitally urgent 
products was prepared. Experts consulted the 
relevant patent literature and thus prepared the 
way for rapid work should war break out. 

When war was declared no time was wasted. 
Enemy patents lost their protective power, and 
research, as distinct from organizational work, 
was started at once. Many practical problems 
had to be overcome. It was soon found that the 
description of manufacturing processes given in 
many patents tended rather to hide than to 
disclose facts. Every product therefore presented 
a threefold problem. Its theoretical basis had 
first to be established in the laboratory. Next, 


pilot-plant manufacture had to be organized. 
Finally came mass production, in which engineers 
and chemists combined their knowledge. 

These diverse obstacles were all surmounted. 
The following fist gives examples of the products 
formerly obtained from abroad and now available 
from British sources : — 


Use 


Products 


Anaesthetics (to pro 
duce local or general 
unconsciousness) 


Analgesics (to ease| 
pain) 

Anthelmintics (to 

cure internal worms) 
Anti-epileptics (to 
prevent or ease fits) 
Anti-malarials (to 

prevent or cure 
malaria) 

Cardiac and respir- 
atory stimulants (to 
stimulate the heart! 
or lung) 

Cardiac repressants 
(to slow excessive 
heart-beat rate) 
Diagnostic adjuvants] 
(to aid diagnosis orj 
enable it to be made) 


Skin diseases 
Hypnotics (to calm 
“ nerves ” or pro-| 
duce sleep) 


Bromethol, hexobarbitone solu- 
ble, benzocain, orthocain, etho- 
caine hydrochloride (hexobar- 
bitone soluble is often preferred 
to chloroform and ether) 
Pethidine hydrochloride, phemi- 
tone. phenylsemicarbazide 
Diphenan 

Phemitone 

Mepacrine hydrochloride, mepa- 
crine methane sulphonate, 
pamaquin 

Pholedrine, nikethamide, lepta- 
zol, hexazole (leptazol is 
used in shock treatment of 
stubborn psychological illness) 
Carbachol 


Diodone, iodoxyl, pheniodol 
(pheniodol is used in radio- 
graphic examination of the gall 
bladder to obtain a superior 
shadow) 

Dithranol, mesulphen 
Allobarbitone (this barbiturate 
produces sleep without leaving 
a sensation of drowsiness on 
waking) 


To these can be added various veterinary pre- 
parations, such as pirevan and sulphacetamide. 

A heavy increase of output had to be organized 
by the British chemotherapeutic industry, in spite 
of enemy air attacks, man-power difficulties, and 
scarcity of raw materials. Yet the required 
additional production has always been forth- 
coming. In the hormone field there were increased 
demands for testosterone, progesterone, 
stilboestrol, hexoestrol, and derivatives such as 
methyl testosterone and testosterone propionate, 
as well as adrenalin. 

Much more could be written regarding the 
steps which had been taken to ensure adequate 
supplies duriug war-time for which there is no 
space, but mention may be made of one or two 
special items. 
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THE COTTON INDUSTRY 

T he result of the war upon the fortunes 
and prospects of the British cotton 
industry has been to improve them. In 
1939 the affairs of the industry were not in a very 
promising condition. The late nineteen-twenties 
and the nineteen-thirties had been years of retreat 
so far as the vast export trade in cotton textiles 
was concerned. These exports had been one of the 
wonders of the world, if only by their sheer 
magnitude, before the first German war— 
7,000,000,000 yards per annum. By 1938 they 
were down below 2,000,000,000 yards. 

Half the loss was due to competition from 
Japan, based on incredibly low standards of 
living and currency depreciation, coupled with a 
performance in policy and operation which com- 
manded respect. The other half was caused by 
high protection in countries which had deter- 
mined to run their own textile industry whatever 
the price to be paid. The British cotton industry 
had passed through anxious years of searching 
for the right adjustments to these new conditions, 
impeded all the time by falling volume and losses 
of capital. In the summer before the war it had 
united to seek a Bill in Parliament to give it a 
new centralized organization to direct the 
necessary adjustments. The Act was passed in 
July, but along with other- measures passed in 
the last few weeks of peace, it was put into cold 
storage when war broke out. 

The outbreak of war therefore caught the 
industry at a moment of some confusion. In the 
course of the war the industry had to endure 
more than most others in the way of unavoidable 
and compulsory changes. First it was told to 
export everything possible to gain vitally needed 
dollars and hard currencies. Then commercial 
exports were entirely shut off. In the black days 
of 1941 one-third of its mills were closed down, 
so that their workers might be transferred body 
and soul to munitions production. Then it 
gradually became increasingly evident that 
cotton goods were going to be among the crucial 
needs of the new kind of war. The cry from 
London to the sadly denuded industry was for 


more and more production, and the unhappy 
lemon had to be squeezed and squashed by 
planning and more planning. 

Through all these experiences the Lancashire 
men plodded on—a trifle dazed by the shifts of 
policy, grumbling a little at the impossibilities 
required of them, but doing a fine job of work 
and incidentally learning a lot of things which 
many now believe will turn out to be the' answers 
to those complex problems of 1939. The justifica- 
tion of these hopes will be seen by any thoughtful 
student of the industry’s war-time experiences. 

To begin the story it may be convenient to 
the reader to have a brief recital of the bare facts 
from the production angle. 

As already stated, the cotton industry was 
concentrated to between one-third and one-haJf 
of its pre-war level. This reduction in output, 
combined with heavy additional demands for 
military purposes, brought the output of the 
industry under a strict rationing system for the 
allocation of the available supplies among the 
principal users. This system was operated at 
the highest level by the Raw Materials Division 
of the Production Executive — later the Ministry 
of Production — and, yam allocations were made 
to some 20 Government Departments as well as 
to industrial groups. 

Over one-third of production was allocated 
to military uses, and it may be estimated that 
some 300,000,0001b. of yam and 600,000,000 
yards of woven fabric were produced annually 
for this purpose. 

About one-fifth of production was directed 
to civilian clothing and approximately the same 
amount to essential exports to Dominions and 
allied countries. The reduction in civilian trade 
was to about one-third and of exports to about 
one-quarter of pre-war levels. The remainder 
of production was directed to essential industries 
in this country. 

The reduction in home and export supplies 
led to further rationing schemes — i.e., the 
Utility programme and the allocation of exports 
through the Combined Production and Re- 
sources Board in Washington. The Utility 
scheme was designed to produce supplies of good 
quality materials at reasonable prices, and it had 
also the effect of increasing productivity by con- 
centrating production on a relatively small 
number of styles. The international allocation of 
exports was designed to relieve the shortages in 
oversea markets and enable these countries to 
plan their own civilian requirements. 
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and sugar beet are grown or refined. Molasses 
itself has other uses, such as the manufacture of 
compound cake for cattle feed and as a raw 
material for baker’s yeast ; both of these products 
use a very considerable tonnage. 

Before the war a large emergency stock of 
molasses had been built .up in this country 
through the initiative of the molasses and dis- 
tilling industries, and this stock, which was 
taken over by the Ministry of Supply in Septem- 
ber, 1939, was of the greatest value in the early 
years of hostilities. In addition to becoming 
the sole owner of all molasses stocks in this 
country and of British-owned stocks oversea, 
early in the war the Ministry of Supply made 
arrangements to purchase on public account the 
United Kingdom stocks and production of 
industrial alcohol, acetone, butanol, and acetic 
acid. These industries have thus been subject 
to the direction of the Ministry and, in all, 
molasses, alcohol, and over 50 derivatives have 
been brought under statutory or voluntary con- 
trol. 

In view of the importance of these, products 
for service requirements, it was necessary to 
restrict supplies to essential demands and, in 
many cases, to prohibit less important usage. 
This became more necessary as the shipping 
position deteriorated ; indeed, in some instances, 
there was no alternative but to cease or reduce 
manufacture in the United Kingdom and to 
import the finished article from the United 
States. As an instance of some.of the difficulties 
which had to be overcome, in the summer of 
1940 it was decided that too great a hazard was 
involved in discharging tankers at east coast 
ports. Equipment was therefore transferred to 
areas where molasses could be imported with less 
risk, and this transfer was accomplished by the 
industry with commendable expedition. As a 
result, alcohol and solvent capacity was 
maintained at a level adequate to process all the 
available material. 

In 1941 the tanker position had become so 
acute that in order to make greater use of the 
available vessels, arrangements were made to 
obtain bulk cargoes of alcohol and acetone from 
the United States, and during the war large 
quantities have been imported, production of" 
alcohol and solvents in this country being 
correspondingly reduced. 

The position in respect of molasses supplies 
was also eased by the erection in this countiy 


of a plant designed to produce industrial alcohol 
and acetone from oil specially cracked for this 
purpose. This development, which was of con- 
siderable technical interest, was also supple- 
mented by other projects utilizing alternative 
raw materials to molasses. 

Such changes in normal trade operations as 
are outlined above, involving the curtailment or 



Spraying the wing of a bomber with a 
protective finish. Among the uses of 
industrial alcohol and its derivatives are 
finishes of many kinds. 

complete cessation of production in the case of - 
individual works, required very close cooperation 
between the industry and the Ministry of Supply. 

It stands to the credit of all concerned that their 
relations were most cordial and helpful through- 
out this difficult period. ' 

With the termination of the war and the easing 
of the shipping position, the difficulties referred 
to will gradually cease, and ample supplies should 
soon become available to meet post-war demands. 
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is their “ Mae West ” jacket. Dinghies used by 
bomber and fighter plane crews when they have 
to bale out over the sea are of rubberized cotton, 
and barrage balloons are made of cotton suitably 
proofed. Many of the component parts of aero- 
planes themselves are made from a plastic 
material consisting of compressed layers of 
cotton cloth impregnated with synthetic resins. 
The Navy, too, uses large quantities of cotton, 
in many instances now as a substitute for flax. 

A large number of these specialized uses 
have been developed only as a result of intense 
research. The industry is fortunate in possessing 
in the British Cotton Industry Research Asso- 
ciation (popularly known as the Shirley Institute) 
in Manchester the finest as well as much the 
largest textile research organization in the world. 
A great deal of war-time research work has 
been imdertaken by this body, and the success 
it has achieved is certain to have more far- 
reaching consequences than might at first appear 
probable, for though its prestige has always 
stood high, its recent work and the results it 
has produced are making the whole industry 
more “ research conscious,” more ready to 
experiment and try new methods, than ever 
before. Now that the war is over the institute 
can be relied upon to keep the British cotton 
industry in the van of technical progress. 

The story of the Colour, Design, and Style 
Centre set up by the Cotton Board illustrates 
the strange way in which an initiative evoked 
by war bids fair to prove invaluable afterwards. 
The Centre was inaugurated in 1940 as part of 
the export drive. It then hoped to increase 
exports by raising still higher the already notable 
achievements of the industry in colour, design, 
and style. It also hoped to indulge in a certain 
amount of “ telling the world ” about the prowess 
of Lancashire in these fields. Fortunately the 
Board found a brilliant man to become director 
of the Centre. He has made its beautiful exhibition 
hall a veritable Mecca for the artist in design 
and for the energetic manufacturer. Altogether 
23 exhibitions have been staged at the Centre 
up to the present date. 

The stimulus to creative work and to prestige 
thus evoked has been remarkable. The Centre 
has come to stay. Perhaps the highest compli- 
ment paid to it is a decision by the British 
Government to establish in London a Coimcil 
for Industrial Design, of which a principal 
object is to encourage other industries to establish 
similar design centres. In Manchester they 
remark with a chuckle in this coimexion that 


. it seems there is still some ■ validity in the old 
tag about what Manchester says to-day London 
says to-morrow. The , best thing about the 
Centre is its immense vitality. The enthusiasm 
it fosters, especially among the young, augurs 
well for the standard of design of Lancashire 
textiles in the next twenty years. Foreign buyers 
are already alert to it and even during the war 
a surprising number of experts have contrived 
to see the Centre. All have come in curiosity 
and left in admiration. The Centre will prove 
a magnet for Manchester in years to come. 

Another Cotton Board development of great 
significance is its Recruitment and Training 
Department. As things stand the cotton industry 
in Englan'd as in other countries consists of 
relatively small units. Even where amalgamations 
exist, the unit of production is never large, as in 
certain engineering and other industries. Great 
concerns nowadays apply modern principles to 
recruitment and training, and place in charge 
of these activities specially qualified and well-paid 
personnel. This latter is not practical politics 
for the small unit and so the Cotton Board 
stepped in to provide at the headquarters of the 
industry an expert staff which can and does 
perform for the individual mUl what the personnel 
directorate performs for the large industrial 
undertaking. The ultimate results are clearly 
foreshadowed by present achievements. A highly 
significant advance in methods of recruitment 
and training is confidently anticipated. With 
this will go improvements in amenities and mill 
conditions. A separate article would be required 
to do justice to the work of the Cotton Board 
in this field. 

It is generally agreed in Lancashire that there 
will have to be weU-considered alterations in the 
wages structure, which is governed by old- 
standing agreements with the trade unions, in 
deployment of workers to the machmes, especially 
having regard to increased mechanization, and 
in mill practices generally. The Cotton Board 
has obtained the cooperation of employers and 
trade unions in ..launching concrete experiments 
and tests in these matters. At the Wye Mill — 
and later on at other mills — experts are devising 
new methods. Both sides in the industry have 
agreed to permit departures from agreed prac- 
tices. A faithful record is to be kept of costs, 
wages, production, &c., before the experimental 
changes are introduced and after. On the records 
thus made available the two sides will evolve a 
modernized practice by the usual methods of 
industrial negotiation. Thus, in an orderly 
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Obviously all this needed elaborate organisms 
of control and direction ; equally obviously 
these would have achieved but little without 
loyal, intelligent and resourceful cooperation, 
which in fact they received in the fullest measure. 

The Cotton Control, a branch of the Ministry 
of Supply, has been responsible for supplies of 
the raw material — at times a very anxious ques- 
tion — and for planning production up to the 
loom state cloth. Side by side with the Cotton 
Control there has been since March, 1940, the 
Cotton Board. This body was established ini- 
tially at the outbreak of war and was given a 
statutory basis in March, 1940. In composition 
it was designed to resemble the Board envisaged 
by the Act of 1939, the operation of which had 
been postponed. But its terms of reference were 
purposely left quite vague and general. It was to 
be representative of the industry, except for' its 
chairman, who was to be independent and im- 
partial. It was to be responsible to the Board of 
Trade. The openness of this mandate coupled 
with the sequence of events has led the Cotton 
Board to assume a wide and varied range of 
duties. It has been specially concerned with the' 
distributive side of the industry’s activities, if 
only because this was beyond the point where the 
domain of the Cotton Control ended. In its work 
during the war the Cotton Board has acquired 
much factual information and experience which 
cannot fail to be of immense value now. 

The war has shown the importance of coordina- 
tion between the horizontal sections of the in- 
dustry — spinning, weaving, finishing, and dis- 
tribution. Production planning by the Cotton 
Control was necessary to ensure the availability 
of the right types of cloth in the right quantities 
at the right time for essential purposes. The 


Cotton Board has administered a scheme for pro- 
ducing utility fabrics of both cotton and rayon 
for the purposes of the system of utility clothing 
created by the Board of Trade to supply the mini- 
mum requirements of the civilian populatio with 
thoroughly satisfactory goods at controlled prices. 
The Cotton Board has also conducted a plan of 
allocated exports for destinations the supply of 
which was considered by the allied authorities as 
essential to the war effort. The Cotton Board has 
administered care and maintenance funds, sup- 
ported by contributions from running firms and 
disbursed to the mills closed under the con- 
centration of industry policy. 

On the technical side the pressure of war-time 
needs was a powerful stimulus to rapid technical 
progress. Cotton happens to be the most vital 
textile for war purposes, its uses for service 
requirements being far more diverse as well as 
more extensive than those of any other textile 
fibre. Its contributions to the services indeed 
are now so many and varied that it is hard to 
know where to begin an illustrative list of them. 
Some of the uses are, of course, well known, 
and represent no new development — webbing 
equipment, for instance, surgical dressings, 
various articles of clothing, working uniforms, 
overalls, and so on. It is natural also to find 
such products as sandfly netting and camouflage 
fabrics made of cotton. But modem warfare 
makes new demands, and now the uniforms of 
tank crews and the Army dispatch-rider’s coat 
are to be found made of stout fire-proofed 
cotton, while the crash helmets of both frequently 
have a cotton base. Airmen have wind-proof 
flying suits made of fine cotton gabardine and 
flame-resisting waistcoats of fine cotton poplin. 
Their parachute harness is of cotton, and so 


Cotton is used in the making of 
flying-suits, parachute harness, 
flame-resisting waistcoats, and 
“ Mae West ” jackets. This 
pictme shows Spitfire pilots wear- 
ing typical flying clothing. 
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manner, the industry will facilitate rapid adjust- 
ment to new conditions without sacrificing that 
stability to which the trade union movement 
naturally and rightly attaches so much import- 
ance. 

This particular plan of action grew out of a 
report of a mission to the United States known 
as the Platt Report. The mission’s terms of 
reference were limited to production per man- 
hour. It went to America at a time when in- 
creased production was of critical importance 
to the war effort. It found, as was already known, 
that production per man-hour was much greater 
in the United States than in Britain. The resultant 
publicity was to a considerable extent misleading 
to the inexpert. In the cotton industry it is 
always possible to increase production per 
operative by using better and more expensive 
grades of cotton and by a high degree of 
mechanization, which increases capital charges. 
It is a matter for calculation how far these 
policies can and do cheapen selling prices There 
is no doubt that the Platt Report, sticking to its 
terms of reference, left many outside observers 
with an incorrect impression of the relative 
commercial efficiency of the American and 
British industries On the other hand, no com- 
petent expert in Lancashire questions for a 
moment that in years to come, owing to popula- 
tion trends and social conditions generally, the 
industry will have to concentrate on increased 
production per man-hour. The Platt Report, 
with its unreserved concentration on this theme, 
did good service even if it temporarily reflected 
somewhat excessively on the British industry’s 
alleged weaknesses. The Wye Mill experiments 
and other developments will open the way to 
significant changes in the rate per man-hour. 

The cotton industry knows that it will have 
thirsty markets in the period immediately follow- 
ing the war. Some of the competition it met 
before the war will not figure in the scene as it 
then did. The shelves of the world are indeed 
bare. Lancashire will use the benefits of a period 
of high demand to set her house in order. New 
machinery, new practices, new personnel, the 
application to peace requirements of a great deal 
of scientific research already at a weU-advanced 
stage, the intensive development of colour and 
design — all these are on the way. There will be 
also the old virtues, the old assets. Customers 
oversea may confidently look for the best service 
in quality, reliability, and styling. While supplies 
are short there will be fairness and consideration 
in rationing. The inherited skill and judgment 


SILK, RAYON, AND NYLON 

will be apparent in the Lancashire of to-morrow. 
Tested and tried by the adversities of war and 
pre-war, the British cotton industry has the 
means and the spirit to stage an impressive 
renaissance. 
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SILK, RAYON, AND 
NYLON 

S ILK, rayon, and nylon have all played an 
important part in the war effort in meeting 
service and essential home demands. It was in- 
evitable, however, that as the war progressed and 
supplies became short, sUk should decline in 
importance and the emphasis move to the synthe- 
tic fibres. The history of this transition, with the 
solution of technical difficulties and processing 
problems, forms yet another example of the 
adaptability and technical skill with which British 
industry faced the loss of familiar raw materials 
and the necessity for producing the same (and 
sometimes even better) results with less known 
alternatives. 

Before the outbreak’ of war and during the early 
war years, between 80 and 90 per cent, of the raw 
silk imported into the United Kingdom came from 
Japan, which country produced about 80 per cent, 
of the total world supplies. At that time, silk 
was the approved raw material for many im- 
portant service and essential uses, the most im- 
portant being parachutes (fabric, cordage, and 
sewings), insulation fabric and thread for fine 
wire covering for electrical apparatus, cartridge 
bag fabric, bolting cloth for use in sieving flour 
and similar materials, and in addition there were 
a number of minor uses of a similar type where 
tensile strength was needed, combined with 
fineness and small bulk. 

The entry of Japan into the war, therefore, in 
depriving the United Nations of supplies of raw 
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recent years has been about 2,135,000,0001b. per 
annum, three-fourths of which came from the 
three British Empire countries. 

The British Government bought the entire wool 
cUps of Australia, New Zealand, and South 
Africa for the duration of the war and up to one 
season after the end of the war with Japan. 
Some idea of the magnitude of these operations 
may be gathered from the fact that for the 
1943-44 season the purchase price for the three 
clips was over £100,000,000. In addition, the 
wool production of the United Kingdom has 
been bought each year by the Government. 

The Wool Control has therefore had at com- 
mand an abundance of wool. The only problem 
in the early years was transport. There were 
times when stocks in the United Kingdom were 
adversely affected by shortage of shipping space. 
It was convenient at one stage to ship large 
quantities of wool to the United States as return 
cargo in vessels which had conveyed troops and 
war materials to the Pacific war zone, and it was 
kept in store there as a strategic reserve owned 
by the British Government. 

Before the war the world consumption of wool 
was about 3,400,000,0001b. per annum, of which 
about 1,400,000,0001b. was absorbed on the 
Continent of Europe. That part of the world 
was virtually cut off from oversea supplies during 
the war and in consequence there was a huge 
accumulation of wool at the sources of supply, 
estiihated to amount to about 4,000,000,0001b. or 
about 13,000,000 bales. The recent Empire Wool 
Conference held in London was convened for the 
purpose of making plans for the disposal of this 


surplus, concurrently with the incoming new clips, 
during the next few years. There is a great world 
hunger for wool and wool goods, but the speed 
with which the surplus can be disposed of will 
largely depend on how long it takes to restore 
the numerous mills on the Continent of Europe 
to their normal activity. 

One of the most satisfactory phases of the Wool 
Control administration has been the stability of 
prices. Wool and tops have been supplied to the 
industry by the Control at fixed issue prices. 
After a period of adjustment during the first year 
of the war a price level for home civilian trade 
was fixed in November, 1940, and it remained 
unchanged over a period of five y^rs. Prices of 
yams are governed by an official Ust of maximum 
prices and margins of profit on cloths for the 
utility clothing scheme are controlled by a series 
of Orders. 

This stability has been achieved in spite of the 
fact that in 1942 the purchase price to the 
Dominion wool growers was increased by fifteen 
per cent, and that since 1940 there have been two 
advances in the prices paid to British farmers. 
In July, 1942, issue prices for wool and tops 
required for the production of yams and fabrics 
for export trade was increased by 20 per cent, 
above the home civil issue prices, but there was a 
modification of this increase in October, 1944, 
which left export prices from 5 to 10 per cent, 
above home prices. 

The fact that issue prices were not raised 
for the home trade was largely due to the Govern- 
ment policy of avoiding so far as possible an 
increase in the cost of clothing. There is indeed 




Pressing battledress. In one 
year, 1943, 10,325,000 blouses or 
trousers were produced by the 
wool textile industry. 
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hard-core of demand for which silk only is suit- 
able. In coarser deniers the major development in 
the use of this type of yam has been in tyre pro- 
duction, where large quantities are being taken 
up. This development, which has been carried to 
considerably greater lengths in the United States, 
was connected in the first instance with the use of 
synthetic rubber after the, loss of natural rubber 
supplies. Later, it became the opinion of some 
experts that tyres made with rayon fabric have 
extra strength and wearing qualities, which may 
lead to the continuation of the use of rayon on 
its own merits. Nylon yam is in early stages of 
development in tyre production in this country, 
particularly for aero tyres. 

Rayon yam production other than the high 
tenacity types has fallen very heavily since the 
early war years on account of a withdrawal of 
much of the industry’s labour force for the ser- 
vices and for the direct munition industries. The 
nucleus remaining has, however, been responsible 
for the provision of an important element in 
civilian textile requirements at home and has 
provided yam and finished goods for Empire and 
allied countries suffering from the world textile 
shortage following the cessation of supplies from 
enemy and enemy-occupied countries. The in- 
dustry is now planning an ambitious post-war 
programme with the object of expanding produc- 
tion both for the home market and for export as 
quickly as the labour and other difficulties can 
be overcome. 

Much of the technical progress in the use of 
synthetic fibres has been achieved during the war 
under the stress of immediate necessity, but there 
is no indication that the whole story has yet 
been told. 
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P reparations had been made well in 
advance of the outbreak of war for the 
control of the wool textile industry, and 
during the first week of September, 1939, the 
Ministry of Supply issued an order which brought 
into being the Wool Control with Sir Harry 
Shackleton as Controller. 

As a result of a series of subsequent Orders the 
Wool Control became the sole importer and 
supplier of wools and tops (combed wool) to the 
industry. A system of rationing was introduced 
and the Controller was given power to direct 
production of yams and fabrics into the desired 
channels. The requirements of the services 
formed the first priority, and in the early war 
years export trade came next and home civilian 
needs last. In the later war years, when circum- 
stances changed, the order of priorities was 
altered and the requirements of the utility 
clothing scheme were put in front of production 
for export. 

The first essential was an adequate supply of 
raw material, and from this point of view the 
British Government was in a favourable position. 
The five principal wool-exporting countries are 
Australia, New Zealand, South Africa, Argentina, 
and Umguay, and the average production in 


This picture, taken 
in a woollen mill, 
shows a machine 
separating the long 
and short fibres of 
the yam in prepara- 
tion for the spinning 
of the finer cloths. 
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Cutting cloth for 
Army • uniforms. 



a considerable element of subsidy in the com- 
paratively low controlled prices for utility wool 
clothing. The increased cost of wool has not 
been passed on to the home consumer. More- 
over, the increase , in the cost of cotton used 
in wopl-and-cotton union cloths was refunded 
to manufacturers by the Wool Control, and 
when the cost of tailoring increased the clothiers 
were compensated by reductions in the prices 
of their cloths. The cloth manufacturers in 
this case also were compensated by the Wool 
Control for the reductions they had been ordered 
to make. 

In the early war years there were enormous 
demands on the industry for wool clothing 
for the fighting services and for the Women’s 
Auxiliary Services. In pre-war years the average 
annual consumption of wool in the United 
Kingdom was about 650,000,0001b. During the 
peak period of war production it is believed 
that the consumption increased to about 
900,000,0001b. per annum. Some facts with 
regard to quantities produced for the Army 
were given in the Govenunent publication 
“ Statistics Relating to the War Effort.” Here 
are a few extracts : — 


— 

1940 

1941 

1942 

1943 



(In tho 

usands) 


Battledress : 





(Blouses or 





trousers) . . 

17,550 

16,976 

9,566 

10,325 

Shirts or vests 

16,558 

8,953 

7,582 

9,387 

Greatcoats 

3,681 

3,056 

1,004 

1,719 


No statistics have been published with regard 
to supplies for the Royal Navy or the Royal 
Air Force, but it can be said that all the require- 
ments of the Services have been adequately met. 

During the first two years of the war the 
full labour force of the woollen and worsted 


industries, numbering about 240,000, was em- 
ployed to the limit and overtime was the rule 
rather than the exception. 

During the period before the enactment of 
lend-lease legislation in the United States there 
was a big export drive in order to obtain foreign 
currency to pay for necessary imports. The 
National Wool Textile Export Corporation 
was formed and, together with its companion 
organization, the Export Group of the National 
Wool Textile Executive, directed an export 
campaign with great vigour. In spite of the 
huge demands on the industry for the Services, 
there was sufficient production for export to 
permit of shipments ’ amounting to about 
86,000,000 sq. yds. in one year. This was not 
far short of the shipments during the years 
immediately before the war. 

Subsequently there were two factors which 
caused a reversal of export policy. First, the 
lend-lease plan modified the need for exports 
to pay for imports, and, secondly, the with- 
drawal of man- and woman-power from the 
industry for the services and for munitions 
work seriously curtailed its productive capacity. 
The available labour force dropped from 240,000 
to about 140,000, and it became very difficult 
to provide adequate supplies for the home 
population, with a reasonable margin for export 
orders. Oversea trade declined because the goods 
could not be produced in adequate quantities, 
and shipments declined until they were only 
about a third of the pre-war volume. They 
were in fact restricted to the essential needs of 
Empire markets and to some of the oversea 
territories of allied Governments, with a moderate 
allocation for the United States and Latin- 
American countries. For a period of about 
16 months there was no allocation for the United 
States or Latin America. 
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from oversea. So far as was possible, all non- 
essential uses were eliminated at an early stage, 
but here also no suitable substitute could be 
found, and the problems facing the industry 
were again largely those of supply and adaptation. 
There are two main types of hemp — hard and 
soft. Of the hard hemps the most important 
was manila, which, as the name suggests, was 
produced almost entirely in the Philippine 
Islands. The loss of these islands therefore 
presented a major supply problem to the United 
Nations and necessitated large-scale substitution 
by other types. 

The type chiefly available was sisal, the chief 
sources of which were British East Africa and 
Mexico, as the other main sisal-growing area, the 
Netherlands East Indies, was also lost. Thus, as 
compared with a pre-war availability of about 

160.000 tons of manila and 270,000 tons of sisal 
there remained for the use of the United Nations 
some 122,000 tons of sisal from East Africa, 

85.000 tons from Mexico, 27,000 tons from 
Portuguese East Africa, and relatively unim- 
portant quantities of sisal and other types of 
hard hemp from smaller sources of supply. 

These supplies were allocated by combined 
planning among the various consuming nations, 
the chief uses being for binder twine, without 
which essential food crops would have been lost, 
and the many types of cordage and rope required 
for service and essential civil needs where strength 
and durability were essential factors. Marine 
cordage was the use for which existing stocks of 
manila had to be chiefly allocated, where risk of 
life of personnel or safety of ships were involved. 

There are two main types of soft hemps — those 
coming chiefly from Continental sources (Russia, 
Italy, and the Balkans) and Indian hemp. These 
hemps were required for the manufacture of 
ropes, cords, and t\vines, for purposes where 
strength combined with flexibility was required, 
such as fishing lines and nets. Indian hemp, 
which was not so strong as the European variety, 
was used for cheaper types of cords and twines 
and also for the manufacture of various kinds of 
paper for the electrical industry, for insulation, 
and in the manufacture of cigarette paper. Supply 
here did not present the same difficulty, but the 
field of usage remained relatively limited owing 
to its lack of strength, and existing stocks of 
European hemp, chiefly of the Italian variety, 
needed strict rationing and careful planning, 
though supplemented by supplies from Chile. 
As soon as Italy was liberated active steps were 
taken to obtain supplies from the south. 


Jute 

« Jute is a fibre produced almost entirely in 
India, and is used mainly to produce a coarse 
cloth which provides the principal bagging 
material of the world for carrying food supplies, 
fertilizers, and a wide range of vital commodities. 
It is also used for certain types of cordage where 
great strength is not essential, for backing carpets 
and linoleums, and for meeting other industrial 
purposes. India has a large manufacturing 
industry and provides the greater part of the 
world’s needs of bagging material or finished 
bags. The United Kingdom imports both raw 
jute and finished cloth and bags from India. 

During the war there was an increased usage 
of bags in the United Kingdom, in view of the 
abnormal food movements and for food storage. 
In addition there was an increased use of jute 
for cordage to relieve hemp and of jute cloth to 
relieve flax. Other war-time demands included 
cloth for sandbags, for garnishing camouflage 
nets, and as the basic material for bitumenized 
cloth for aerodrome runways. 

There have always been large variations in the 
size of the annual crops in India. During the 
early years of the war there was no shortage of 
raw jute, but with the loss of Burmese rice to 
India jute lands had to be turned over to rice, 
and for a time the overall raw jute supply was 
difficult. This position has eased and the main 
problem in India is now the shortage of pro- 
duction due mainly to coal difficulties. 

From almost the outset of the war shipping 
considerations limited United Kingdom supplies 
and a control of import was instituted. The usage 
for relatively non-essential purposes, such as 
carpets and linoleums, was gradually reduced 
and finally eliminated. Every effort was made to 
obtain the maximum use of second-hand bags. 
Owing to labour considerations a greatly increased 
percentage of total consumption was met in Indian- 
made goods and production in the United Kingdom 
fell to below 50 per cent, of its pre-war level. 

Certain relaxations in the use of jute for 
carpets and linoleums have recently been possible, 
but the increase of supplies to those industries will 
be dependent not only upon the rate of expansion 
of the United Kingdom jute industry, but also 
upon the extent to which the United Kingdom 
will have to increase its own production for 
bagging purposes in view of the shortage of pro- 
duction in India and heavy world demands, and 
on the extent to which jute will have to continue 
to be used in substitution for sisal and flax. 
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Rubber goods, including tyres, gave shorter 
service but were not unreliable, that is, not sub- 
ject to accidental failure and sudden collapse. 
By the provision of more tyres of a lower quality 
the essential wheels of transport and of industry 
were kept turning, and it can be said that there 
was in general no serious effect either on the 
transport services or on military operations. 

The use of synthetic rubber in the rubber 
factories created a great upheaval. Synthetic 
rubber differs from the natural product in many 
important particulars. The type in most general 
use, made from butadiene and styrene, requires 
considerably more electric power, more plant of 
heavy type, and more labour than does natural 
rubber, to produce the same quantity of finished 
goods. In many of the more important applica- 
tions, including tyres and conveyor belts, the 
“ general ” type of synthetic rubber is markedly 
.inferior to the natural product. In these goods, 
under severe conditions, natural rubber itself is 
strained to the limit. 

The use of synthetic rubber in tyres accelerated 
a development which had been going on gradually 
for some years before the war — namely, the use 
of rayon instead of cotton in tyre casings. Rayon, 
by virtue of its greater tensile strength and its 
greater resistance to the effects of heat, as com- 
pared with cotton, has proved to be essential in 
large tyres subject to severe conditions of use. 
The rubber factories, therefore, had not only to 
change their principal raw material, but also to 
adapt their processes to the use of rayon in large 
sizes of tyres. 

All this had to be done during a period when 
many important classes of goods were in danger- 
ously short . supply. The various units of the 
industry pooled their information on these 
problems, and rapid progress was made. In the 
United States the manufacturers had faced the 


same problems some months earlier. The 
industry over there had pooled its information, 
and it was made available to British industry. 

The percentage of synthetic rubber used by 
the British industry is now 70 per cent. This is 
lower than the percentage in the United States 
(85 per cent.), chiefly because of the different 
constitution of the manufacturing programme. 
In like products there is very little difference 
between the two countries’ consumption of syn- 
thetic rubber. 

It is opportune, in reviewing the upheavals 
and the technical developments of the industry 
during the war, to consider their probable effects 
in post-war years. 

These effects are, on a broad view, not very 
remarkable. The new techniques discovered, the 
new products manufactured, while of immediate 
and enormous advantage to the job in hand for 
the war effort, represent no epoch-making change. 
It is possible to state the case that even more 
rapid development would have been made 
towards satisfying the needs of the users of rubber 
products in an equal period of highly competitive 
peace-time conditions. Materials available to 
the rubber industry show no important forward 
development, except in the case of synthetic 
rubber of very special types for certain limited 
uses — e.g., oil resistance. 

As in many industries, war conditions have led 
to certain inefficiencies, due to inexperienced and 
unsuitable personnel, to black-out conditions, 
to restrictions in raw materials, and so forth. 
After a return to peace-time conditions, it will be 
possible to make up the leeway lost during the 
war, and those engaged in the industry look 
forward to the day when they will be free to do 
their best for the consuming public and for the 
welfare of the nation as a whole. 
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The concrete caissons, one of the 
main elements in the Mulberry 
Harbours prefabricated for D 
Day, were among the outstanding 
war achievements of the building 
and civil engineering industries. 
The picture shows one of the 
caissons under construction. 


THE RUBBER INDUSTRY 


ill military and Government requirements, was 
inly 2.5 per cent, of total tyre production 
ixpressed as weight. In 1938 it had been about 
10 per cent. Factories had to be laid out afresh 
vith vast quantities of new plant for heavy tyres, 
similarly, hose, belting, and footwear underwent 
’reat changes in form, to suit the new demand of 
leavy industry and of the services. 

Even in the sphere of large tyre production 
tself, the types demanded by the services, for 
lullet resistance, for cross-country and for desert 
vork, differed in important respects from civilian 
ypes. They required, in general, more plant, 
leavier plant, more labour, and more material, 
wen when of similar size. 

At the beginning of 1942 the industry was 
'aced with the loss of the major part of its crude 
Tiaterial producing areas, and immediate reduc- 
tions in the consumption of rubber had to be 
nade. Very quick decisions were necessarily 
taken ; many goods which up to that time had 
Deen manufactured for export, and for the 
naintenance of the essential life of the com- 
tnunity, were discontinued. For example, golf 
ball and tennis ball manufacture, which had been 
mainly for export and for the services, and had 
ilready been drastically curtailed in 1940 and 
1941, was stopped altogether in 1942. Hot- 
water bottles were restricted to very small 
quantities for hospital use. Rubber footwear, 
which had been manufactured on a large scale 
for industrial, agricultural, and service training 
purposes, was drastically reduced and pro- 
duction concentrated in one or two factories. 

The manufacture of a great many articles 
previously made with, rubber in various forms was 
prohibited, and in other cases prohibited except 
Linder licence. The use of rubber latex for 


sponge-rubber upholstery, mattresses, elastic 
thread, and footwear was forbidden except under 
very restricted licence. Persormel in tanks and 
aircraft had to dispense with foamed latex pro- 
tective pads, and less satisfactory substitutes had 
to be used. The production of tyres was 
severely curtailed, and in the early months of 
1942 the rubber tyre industry lost some 25 to 30 
per cent, of its labour force. Towards the end 
of the year it became apparent that the cuts had 
been somewhat too heavy, and from that time 
on special — but largely ineffective — measures 
were taken to re-man the industry. 

The outlook for the rubber industry at that time 
was indeed very depressing. Supplies of synthetic 
rubber from the United States were in view, 
but distantly, and could not be expected 
until late 1943. 

While it is easy to look back and to consider 
the measures taken in 1942 to have been too drastic 
it has to be admitted that no crippling effects 
resulted either on the war effort or on the life of 
the community. 

From the critical days of early 1942 until the 
spring of 1944, when synthetic rubber began to 
enter largely into the production of rubber goods 
in the United Kingdom, the rubber industry 
tried to maintain production by making use of 
reclaimed rubber, and by restricting the volume 
of rubber used in such articles as tyres and con- 
veyor belts. These measures were essential in 
order to conserve crude rubber supplies, but 
were stopgap methods and could not have been 
justified except to bridge the wide gap between 
the running out of stocks of natural rubber and 
the arrival in bulk of synthetic rubber. It is well 
known that the United Nations won through 
with nothing to spare. 


Removing a tractor tyre from the 
mould in a British factory. 
Special types of tyre were con- 
structed to resist bullets, and for 
cross-countrj' and desert work. 



11—2 


BRITISH WAR PRODUCTION 

which asbestos-cement has been put in war-time, 
and the industry has had the opportunity of 
research and application in a far wider field than 
would have been possible in peace. 

Factories concerned with asbestos textiles, 
engine packings, jointings, belting, and brake and 
clutch linings were almost entirely occupied on 
production directly connected with the war effort. 

In the case of naval equipment, there were 
many vital uses for asbestos, such as the extensive 
employment of asbestos cloth as a covering for 
all kinds of boiler insulation, and its use in con- 
nexion with splinter protection for warships and 
merchantmen. Asbestos fibre was used for 
special insulation both in the Arctic and the 
tropics. In the Arctic it made the hving con- 
ditions of our naval and merchant seamen 
tolerable by the exclusion of excessive cold. In 
tropical seas it proved valuable not only in 
tempering excessive heat transmitted by metal 
surfaces, but also in arresting condensation. 
Moreover, being of inorganic substance, asbestos 
is inert and repellant to the attack of bacteria and 
other incursions which, if encouraged, would 
rapidly attack equipment, bedding, food, and 
other stores. Another quite distinct use of 
asbestos on the marine side of the war effort 
derives from the extensive use of electric welding 
in ship, construction, which has made great 
demands on asbestos-covered electrodes. 

Typical uses of asbestos textiles in air warfare 
were R.A.F. fire-fighting suits, parachute flare 
hoods for Pathfinder planes, aero-engine muffs 
and cover linings, and the insulation of aeroplane 
bulkheads. 

In Army equipment there were many technical 
uses for asbestos, of which the most obvious is its 
employment in brake and clutch linings for tanks, 
armoured vehicles, and cars of all descriptions. 
Accumulated experience and research work pro- 
vided an immediate solution to many problems 
which arose as new weapons of war were 
developed. For D Day, for example, brake linings 
were required which would operate successfully 
in sea water as well as on land. One firm supplied 
vast quantities of these in less than three weeks 
from the first intimation of the problem by the 
Ministry of Supply. 

Special asbestos plastic mouldings were also 
supplied for various purposes, especially in the 
form of non-metallic bushes or bearings for the 
springing of gun-carriages or amphibious vehicles, 
and in the mountings of aircraft engines or power- 
operated gun-turrets. Similar bearings facilitated 
the manufacture of penicillin. 
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CEMENT FOR WAR 
PURPOSES 

I N order to present in a few words a picture 
of the cement industry’s contribution to the 
war effort it is necessary to indicate briefly 
some features peculiar to the irianufacture, 
distribution, and use of cement, and the policy 
pursued by the industry in pre-war days which 
alone made possible its ability to fulfil all demands 
made upon it during the war. 

Cement is manufactured by large and expensive 
units of continuous process plant, from which 
it follows that the prosperity of the industry is 
largely dependent on the extent to which this 
plant can be kept fully employed. It must be 
appreciated also that while cement plays an 
essential part in practically all forms of building 
and constructional work it represents a very 
small proportion indeed of the cost of any such 
work, and it has the peculiarity of being virtually 
useless by itself, being in effect used only in con- 
junction with other materials to form concrete. 

The cement industry has for many years been 
organized within the Cement Makers’ Federation, 
which since 1934 has represented the entire 
industry in this country. In order that everything 
possible rnight be done to enhance efficiency, to 
achieve the utmost economy in production, 
marketing, and distribution, to increase the use 
and uses of cement, and, above all, to ensure as 
far as possible that the resultant concrete should 
be used to the best possible advantage physically, 
mechanically, and aesthetically, the industry in 
1934 set up the Cement and Concrete Association 
as a non-profit-making body with a large staff 
of experts to advise on all aspects of the proper 
use of cement and concrete, and to undertake 
research and propaganda. 

Being thus organized, the industry was able 
to follow in the pre-war years a clearly defined 
policy of keeping capacity always ahead of 
demand, of increasing production, of improving 
the quality of the product, of reducing costs, and 
of passing on such reductions to the consumer, 
relying for its profit on greater manufacturing 
efficiency and on a small margin per ton on the 
increasing tonnage. During this period wages 
and conditions of labour were materially and 
steadily improved, while at the same time a 
satisfactory return was made on the capital 
involved. Perhaps, the most important and 
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T he asbestos industry played an important 
part in the war. From the outset the call- 
up of millions of men and women for the 
services necessitated the construction of hun- 
dreds of camps. In many of these asbestos- 
cement provided the roofing, cladding, and soil 
drainage equipment. Millions of corrugated and 
flat sheets were turned out by factories scattered 
throughout the United Kingdom, together with a 
multitude of fitments and pipes of all sizes. The 
black-out also caused a heavy demand for these 
sheets. 

With the bhtz came a further huge demand for 
asbestos sheeting and equipment for anti-aircraft 
gun sites, hospitals, and for various purposes in 
place of glass and timber. For the development 
of over 300 aerodrome sites, 20 ordnance fac- 
tories, and a number of industrial estates the 
“ quaker grey ” of the natural asbestos-cement 
product had to be camouflaged and the industry 
was required to work to maximum capacity and 
to maintain this output throughout the war. 
There was the constant need of industrial hut- 
ments and buildings for miscellaneous purposes, 
of which no fewer than 58,344 are known to have 
been erected and covered with asbestos-cement. 
In fact, many of them were constructed entirely 
of this material, either by using curved sheets 
or by constructing roof principals, rafters, and 
purlins from asbestos-cement pressure pipes. 

Nursery schools, coUiery canteens, and British 
Restaurants used up large quantities of asbestos- 
cement, and vast stacks of flat and corrugated 
sheets were located all over the country in a co- 
ordinated emergency scheme for the temporary 
repair of blitzed factories, shops, and houses. 

To all these demands the workers in the in- 
dustry responded nobly, as well as to many 
others put upon them as the war progressed and 
new applications of asbestos-cement were de- 
veloped. Thousands of asbestos-cement pressure 
pipes were used to carry water during the 
advance from Alamein to Tunis. These non- 
magnetic pipes were also used for the housing of 
delicate electrical instruments which had to be 
sunk into the ground. The National Fire Service 
used large quantities of such pipes in their fight 
against incendiary bombs. Carried about in large 
and specially constructed vehicles they were 
rushed to incidents, coupled and pegged to the 




One of the uses for asbestos textiles has been for 
R.A.F. fire-fighting suits, as seen in this picture. 
This material is also used for parachute flare hoods, 
aero-engine muff's, &c. 

ground ; several hundreds of yards of piping 
could be assembled in a short space of time, even 
in the black-out, and much valuable property was 
saved by their means, especially in rural areas. 
Asbestos-cement tanks, too, were used for stor- 
age of static water. Asbestos wood also gave 
great help to the provision of furniture, especially 
such items as cabinets and lockers, where its fire- 
proof quality proved valuable. Miles of asbestos- 
cement shelves and thousands of lockers hold the 
wares in various classes of trade buildings all over 
the country, including in at least one instance the 
parts of motor-cars that had to be surrendered 
temporarily to the police. 

Special black-out ventilators for air-raid 
shelters ; bafflers and cowls for gas stoves ; large 
hoppers weighing nearly 15cwt. and moulded in 
one piece for placing over the funnels of loco- 
motives when starting up in engine-sheds ; door 
fascias and moulded canopies for bay windows 
and doors — these are some of the many uses to 
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junction with tlie Government by means of a 
voluntary control, and was able fully to meet 
every demand made upon it and to maintain in 
addition a moderate export trade, A large part 
of the expert staff of the Cement and Concrete 
Association was lent to the Research and Experi- 
ments Department of the Ministry of Home 
Security. 

After Dunkirk many measures had of necessity 
to be taken to safeguard the position, since nearly 
half the entire cement industry is located in the 
Thames and Medway area. Plans were made to 
ensure that distribution could be maintained in 
the event of works in that area being put out of 
action. Happily, however, the damage done to 
cement works during the war was comparatively 
small. At no time was there a shortage of cement 
and in all the circumstances there was sur- 
prisingly little delay in distribution even at the 
worst periods. 

Many special problems arose from time to 
time and many things had to be done and unusual 
costs incurred in the interest of the nation and 
under the direction of the Government, which 
would be neither necessary nor economic under 
peace-time conditions. The well-planned 
organization of the industrj' enabled it readily 
to agree to the suggestion of the Ministrj' of 
Works that these exceptional war costs should 
be spread over the industry as a whole by means 
of a scheme which, while giving effect to the 


limitation of profits referred to above, would 
pool such excess costs on an equitable basis, 
and enable a normal economic level of prices 
throughout the country to be maintained. 
Cement naturally played its part in every form 
of construction, both in defence and attack, 
from the early shadow factories to the great air- . 
field runways and the mighty floating harbours 
used for the invasion of Normandy. It is a story 
of which the cement industry is proud. It noW' 
stands ready to deal with all peace-time demands. 
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PAINT, VARNISH, 
COLOURS, AND 
COATINGS 

T he key to an understanding of the problems 
of the British paint industry is that materials 
are the largest item in the cost of its pro- 
duct, and that most of these materials have to 
be imported. As much as 70 per cent, of pro- 
duction cost and 50 per cent, of selling price is 
represented by materials. 

Dependence on foreign materials Jed to a 
concentration of the industrj' round ports, and 
particularly in East London. These factors 
were the danger points of the situation which 



BERRY” — ^The prefabricated port at Arromanches, Normandy, one of the most imaginative pieces of war engineering m hi 
idways are seen running out to pierheads forming a wharf ; in the centre distance is a breakwater of caissons and blocks 
the distance on the left and right are caisson breakwaters. The two ports, each as big as Gibraltar, were manufactui 
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significant feature of the five years before the 
war was the scrapping of obsolete and uneconomic 
plants with an annual capacity of less than 
125,000 tons, and the replacement thereof by 
efficient modem plants with a capacity of no less 
than 2,250,000 tons. As a result of this policy 
•1939 formd the cement industry in a highly 
efficient state, with a man-hour production at 
least equal to, if not in excess of, that of any 
other country in the world. 

In one sense the cement industry’s war effort 
can be said to have started in 1938, when the 


armament shadow factories and other defence 
works were being rapidly constructed. As soon 
as the war broke out, the industry appointed a 
small War Executive Committee of three to act 
for it in every way in which it could cooperate 
with the Government, and the committee’s first 
act was to inform the Government that no 
matter what the demand for cement might be 
it was not the desire nor the intention of the 
industry to increase its pre-war profits so long as 
the war lasted. The cement industry was 
operated throughout the war period in con- 



Big concrete caissons forming a mam deep-water breakwater for one of the artificial ports on the French coast that S( 
the enormous problem of providing vital supplies for the forces in the invasion of Europe. Some 20 000 workers 
mobilized for the construction of these caissons alone. 



BRITISH WAR PRODUCTION 


with the aid of a Government grant, by a large 
part of the industry. A new programme — a long 
and most specific document — has been drawn up 
by the association responsible for the work of 
this station and, on the strength of it, the annual 
income of the station has been raised to £40,000. 

It is still not possible to disclose all tlie 
achievements of the British paint industry during 
the war. One or two developments only can 
be mentioned. 

Special paints were developed to camouflage 
land surrounding airfields to simulate plouglicd 
fields, roads and hedges. At first a low- 
pigmented emulsion of light fuel oil was used, 
but this was later replaced by a pigmented 
aqueous ammonium olcate solution. 

The formulation of aircraft finishes is typical of 
the problems the technical side of the industry 
has been faced with in the last few years. TIic 
finish has to withstand sea-water spray and 
desert sand. It is at one moment in tropical heat 
and an hour or two later covered with ice ; it 
may be at 10,000ft. or 30,000ft. up. It must not 
weigh more than a given weight per square foot 
so as not to over-load the machine ; it must “ stay 
put ” at over 400 miles an hour. Its surface must 
be such as to present the least friction to the air. 
The surface may make a difference of 10 miles 
an hour in speed — sometimes a matter of life and 
death. 

New aircraft finishes demanding the very 
highest qualities of materials, grinding, and finish 
have been evolved, and it is for this purpose 
that the urea- and melamine-formaldehyde 
type of finish has been so largely developed. 
But one of the chief uses of urea-fbrmaldehyde 
has been for the manufacture of petrol-resistant 
red-oxide coatings for the interiors of jerricans. 

Modified phenolic resins — home-produced syn- 
thetic resins — have replaced very satisfactorily for 
many purposes the tung oil once imported from 
China. 

Oils “ tailored ” for specific industrial purposes 
have been derived from fractions of natural oils, 
such as linseed oil, by fractionation processes 
designed to produce many oils of specific nature 
and purpose from a single general-purpose oil. 

Fluorescent dye markers have been supplied 
to pilots who are forced to bale out over sea. 
The dye spreads a patch of yellow on the surface 
of the sea visible from a great distance by search- 
ing patrol craft. The same dye was pumped in 
solution through the Pluto cross-Channel pipeline 
'to enable breaks and leaks to be detected. 

These, however, are only a few, and not the 
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most important, of the teclmical war-time 
achievements of the industry at a time when the 
erratic supply of even the commonest' materials 
of the industry made every month’s formulations 
a challenge to iimovation and ingenuity. 

The manufacture of paint for civilian purposes 
practically ceased during the war, and it will be 
some time before it is again in free supply. The 
only big users have been the Admiralty, the 
Ministry of Supply, and the Ministry of Aircraft 
Production and their various contractors. 

The paint industry has emerged from the war 
with its rather peculiar internal structure appar- 
ently unaltered. It is still a trade in which five 
great public companies, some 200 medium-sized 
firms, and about 300 small family businesses 
Oiandling only 1 1 per cent, of the output) can all 
survive and make profits. 

The optimum size of the production unit in 
the paint industry will probably be worked out by 
the competition of rival research teams. Although 
the high cost of research favours the big firms, it 
docs not necessarily doom the small one to 
extinction ; not only has it the benefits of col- 
lective research by a state-aided station but it will 
also enjoy automatically the fruits of research 
undertaken by the great oilseed and oil, resin and 
colour firms. 

The industry has no intention of allowing the 
urgency of the task of renovating and recon- 
structing Britain’s shattered buildings to distract 
it from the opportunities of the export trade. 
There are many good reasons for the interest 
taken in foreign trade by every British paint 
firm, from the largest to the smallest. Before 
the war the trade exported no less than 16 per 
cent, of its products and even in war-time exports 
were maintained on a high and creditable scale, 
each market receiving its “ ration ” based on 
pre-war consumption. 

It is well realized that the type of products to 
be exported may imdergo a change. There is no 
disposition to challenge the right of other 
countries to maintain their own paint and dis- 
temper industries built up in the years when it 
was not possible for this country to supply their 
needs. The large companies are preparing, by 
means of new oversea companies and affiliations 
with oversea firms, to provide finance, advice and 
patent information and rights to help to establish 
paint industries abroad. Both large and small 
firms realize, too, that the best export market for 
paints and industrial finishes will be in speciality 
products giving a better performance than any 
other obtainable. 
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confronted the industry in 1940. Enemy sub- of good chemists is the paint industry’s chief 

marines threatened to cut off the trade’s imported present problem. During the war it has lost 

materials ; enemy bombers threatened to make too many to Government departments and other 

London and the great ports untenable for industries. So well persuaded is the industry of 

production. . the importance of the chemist in any scheme for 

The German blockade never completely cut its expansion that in the middle of the war the 
off supplies of materials, which dribbled in from professional body — the Oil and Colour Chemists’ 
the four corners of the earth ; but no paint Association — ^formulated proposals for training 

manufacturer knew from one month to another the new generation of chemists, 
just what he was going to get. While production The industry is equally convinced of the need 
managers kept the machines running under roofs for intensifying its research. Any paint manu- 

being repaired after the previous night’s raid and facturer will admit that the American industry 

stimulated workers tired after nights in the has, in technical development, made good use of 

shelter, the chemists, just as tired from the same its advantages during the past few years. From 

cause, had to work against time to adapt their a close study made of these developments the 

formulations to constantly changing materials. trade has presented a memorandum to the 

The Ministry of Supply, being largely repon- Government departments concerned, asking for 

sible for raw materials, formed groups of early facilities to import experimental and 

manufacturers to make certain products, with manufacturing quantities of the synthetics intro- 

a view to dispersal of the units of the groups as a duced in the United States during the last few 

protection against damage from air raids and to the years. Long before the world’s immediate need 

most efficient use of the raw materials available. of paint products nears satisfaction British 

The war has at any rate taught the British chemists ought to have been able to learn all that 

paint industry the importance of the chemist and America can teach. 

of research. There will be no return to the Research in paint technology was not forgone 
salary-level of pre-war days, when the value during the war, but it had to be channelled into 

placed by many manufacturers on their chemists directions immediately useful to the war effort, 

might be gathered from advertisements of posts and it had also to be kept secret. Most of this work 

carrying as little as £300 a year. To-day a was done either in the laboratories of the largest 

competent paint chemist can command a salary paint firms or by the Paint Research Station 

around £800, and it is not grudged. A deficiency at Teddington, which is collectively financed, 



in sections and towed across the Channel. The worst June gale experienced for 40 years caught thCrharbours at the hal 
The American harbour suffered most severely and work on it had to be discontinued. The British harbour, seen a 
iffercd less damage, and was completed. By means of it hundreds of thousands of tons of vital supplies were landed. 
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tory to be set up in Canada and assisted in the 
general planning and in the training of personnel. 
This fine new factory has supplied not only 
substantial Canadian needs but also in the earlier 
war years helped to meet United States require- 
ments. The sale of fine optical glass made in 
Great Britain in the peak war year was nearly 
seven times that in 1936. Large quantities were 
supplied to India, Australia, and CWna, as well as 
to the United States and Canada. In addition a 
special process was worked out for making the 
large quantity of optical glass needed for tank 
periscopes — a process which avoided the need for 
two additional optical glass plants. 

Of the manifold other uses for glass during the 
war, there is space only to quote a few. Vast 
quantities of sheet and wired glass were needed 
for the huts and buildings for naval, military, and 
air force establishments, and for the new arma- 
ment factories and depots. Huge demands arose 
for making bombed houses habitable and for 
restoring greenhouses used for food production. 
When all possible sheet drawing plant had been 
pressed into service and remained inadequate, . 
machinery was adapted to produce a rolled 
substitute for sheet glass which added many 
millions of square feet per annum to the total. 

For powder factory works many thousands 
of explosion-proof glass lighting fittings were 
supplied capable of withstanding pressures of 
1501b. per sq. inch, which, in the case of units 
15in. in diameter, meant a total load of 12 tons. 
Moreover, the glass had to be of such heat- 
shock resistance as to withstand, when in 
r unning operation, being hosed down by cold 
water. A special glass refractor with a very 
wide light spread was designed for the engine 
rooms of aeroplane-carriers. Special fight- 
houses fit up aerodromes, and many thousands 
of contact fight fittings, capable of withstanding 
a load of 15 tons per square foot, were let into 
the sides of runways giving fight to facilitate 
landings of aeroplanes at night and in misty 
weather. Lenses with a red filter, giving a fan 
of fight at 5deg. above the horizontal, were 
first used in France to facilitate the safe landing 
of gliders on D Day. Among various other 
forms of glass associated with aeroplane navi- 
gation was one transmitting only ultra-violet 
light, which, in conjxmction with fluorescent 
paint, illuminated the instrument panels. 

At one stage of the war many hundreds of 
thousands of sticky bombs were made with which 
to attack tanks, the explosive charge being 
placed in a specially designed spherical glass 


container. Some 150,000 bullet-resisting panels, 
consisting of five layers of selected plate glass 
with four thin plastic interlayers, were used to give 
protection in fighter aeroplanes ; while hundreds of 
thousands of windows, made on a similar multiply 
principle, were supplied for tanks. Many millions 
of square feet of laminated glass were manu- 
factured, being used for goggles, by the million, 
for army respirators and airmen’s goggles. 
Other goggle glasses with special heat and fight 
absorption properties gave protection to airmen 
flying under special conditions, as in the tropics ; 
and half a million goggle glasses to give pro- 
tection to acetylene welders have been supplied. 

Toughened (armour-plate) glass screens of 
great mechanical strength were used in blast- 
proof hoods in gun turrets and to give protection 
to instruments, to searchlight emplacements, 
and to personnel against blast and heavy weather 
in naval vessels. 

Glass fibre, drawn originally in filaments 
finer than the finest silk, had a host of uses ; 
for air filtration in gas cleansing stations, aircraft 
factories above and below ground, and vehicles 
operating in the desert ; for heat-insulating 
panels attached to the huUs of ships, making 
living conditions tolerable, either in the tropics 
or in the Arctic ; for lagging the many miles of 
service pipes in R.A.F. stations and Royal 
Ordnance depots ; for several million insulation 
slabs in food containers used in battle areas. 
It was applied- to silence noise within aircraft. 
Over 30,000,000 yards of glass tape and 500,000 
square yards of woven glass cloth were employed 
for electrical insulation. Black-dyed glass cloth 
was used to shade the upward glare from para- 
chute flares. Glass fibre is unaffected by the hot 
and humid atmosphere of the tropics, and white 
ants will not eat it. Accordingly, petrol fighter 
wick and even bootlaces have been made from it. 

Radio valves and similar devices made from 
glass and metal combinations, in 1,500 varieties, 
and ranging in size from an acom up to 44 Jin. 
in length and 1 l|in. in diameter, have been supplied 
during the war to the extent of more than 
130,000,000. In the peak year of the war the 
production of glass bulbs for electric lamps and 
radio valves probably reached 200,000,000 ; 
while the glass tubing of various kinds and 
diameters probably exceeded 100,000 mUes. 

The number of varieties of electric lamps made 
for all purposes is too large to be estimated with 
certainty ; but the three services alone had more 
than 2,000 reference numbers for lamps in com- 
mon use. Of these, the smallest which have been 
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True optical glass is a product which is required for many war purposes. Left : One of the processes in the mai 
of optical glass. It shows blocks of glass being chipped into smaller pieces, free from flaws. Right : Making 1 

of a long-focus aerial reconnaissance lens. 
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BRITISH GLASS IN MANY 
FORMS 

B etween the two wars progress in equip- 
ment and in the technical control of pro- 
cesses in glass-making in this country has been 
so thorough-going that the industry was fully 
capable of tackling any problem given reasonable 
facilities for acquiring essential raw materials, 
labour, and machinery; and it has certainly demon- 
strated during the war period its power to meet 
difficult conditions by adaptabiUty and ingenuity. 

Of the imported raw materials sand was before 
the war the most important. About one half of 
the 750,000 tons required annually, including all 
the purest, came from abroad : from France, 
Holland, Germany, and Belgium. Immediately 
on the outbreak of war both committees and in- 
dividual technical experts in the industry syste- 
matically combed the country. From the neigh- 
bourhood of remote Loch Aline, on the Sound of 
Mull, a sand was obtained by mining which, 
after treatments worked out initially by research 
laboratories, yielded a material purer than the 
best ever supplied from the Continent ; and by 
the end of 1944 120,000 tons of Loch Aline sand 
had been dispatched to the far-away glass 
factories. The quarries at King’s Lynn also 
raised their output of chemically treated and of 


.water-washed sand from a weekly average of 
1,800 tons in 1939 to 3,900 tons in the peak war 
period. Important sources of supply were also 
developed at Fairlight and Reigate, and minor 
ones elsewhere. 

All glasses made for binoculars, naval range 
finders, microscopes, and the finest cameras must 
be of supreme quality. The telephoto lenses of 
cameras attached to reconnaissance aircraft con- 
tain components of considerable total glass 
thickness. In one very fine British telephoto 
lens two of the components are each 31b. in 
weight ; so that in order to obtain photographs 
with sharpness of detail the glass used must have 
great clarity and light transmission. Clear 
spectacle glass or very fine commercial crystal 
glass would be useless. True optical glass requires 
for its manufacture the purest of raw materials, 
melting crucibles especially resistant to corrosion 
(even platinum is now used for some glasses), 
and elaborate stirring of the molten glass for 
many hours ; while the inspection is so severe 
that after being thus made the major part of the 
•glass may be rejected. 

At the outbreak of war two British firms were 
making optical glass. The larger producer, with 
nearly a century’s reputation in this field, was 
making more than 100 varieties. It stepped up its 
own output and, based on its experience, a dis- 
persal factory, with approximately equal produc- 
tion, was erected. Moreover, when bombing 
became severe, it made arrangements for a fac- 
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telescoping of pottery works and certain other 
businesses had little effect on the glass industry 
save that glass cutters and decorators for whom 
essential war work could not be found were 
directed to other occupations. Their number 
would searcely be one per cent, of the total 
employment roll of the industrj'. The firms 
making decorated and “ luxury ” glassware in 
peace-time found ready employment for their 
furnaces in producing technical and utilitarian 
glassware. One such firm relinquished its high- 
class domestic glass-ware trade in 1939 and under- 
took with great success the manufacture of high 
priority glasses made to stringent specifications. 

No account, however brief, of the glass indus- 
tr}'’s war eflbrt is complete without mention of 
two things : First, that quite a number of firms 
equipped with automatic machinery put part of 
their engineering equipment at the Government’s 
disposal for the machining of shells and aero 
engine parts and for salvage work on wrecked 
aeroplanes ; secondly, that good will and co- 
operation were marked features of the relation- 
ship between firms in the industry'. 

The post-war prospects of the industry' arc good. 
In the manufacture' of drawn sheet, bottles, 
electric light bulbs, and safety glass, both lami- 


nated and heat-treated, this country in its machine- 
equipment and methods compared favourably 
with any in Europe before the war ; while in 
methods of polished plate production it led the 
world. We are likely to remain self-sufficient in 
all these products, and in optical, chemical, heat- 
resisting, and electrical glasses, in radio and allied 
glassware and in fibre glass and its products ; 
while a number of developments, held up by the 
war, such as fluorescent lighting and the manu- 
facture of cheap, yet presentable, domestic 
glassware by automatic machinery will go forward. 

In regard to export, it is known that heavy 
demands exist oversea for all kinds of glassware, 
constructional, technical, and domestic. The 
large Continental pre-war producers, Germany, 
France, Czechoslovakia, and Italy, must inevit- 
ably take time to recover. Japan, a big producer, 
must be counted out, and the U.S.S.R., by 1938 
the largest European producer of heavy glass, has 
probably had its facilities impaired by the ravages 
of war. There have been some developments in 
glass-making during the war in South America, 
South Africa, and I ndia, and further expansion is en- 
visaged. But for sometime to comeheavy demands 
both in the home market and for export will con- 
tinue to confront the United States and Gt, Britain. 



amples showing the application of glass to meet the demands of war are seen above. - Left : Grinding prismatic 
lenses for aerial beacons. Right : The sticky bomb, the body of which is comprised of a glass flask. 

174 


lUUTISH CilASS IN ?.!,\NY IOK.*!5: 


on active service - namely, sextant ami astro- 
ftraph lamps - have ;i biiib only onc-Iirth of an 
incli in diameter, while the larpest filament lamps 
were probably tfiosc used in aeroilrome flood- 
lights. 'niey were of hard plass and tlie spherical 
part of tlie bulb was about a foot in diameter. 

In rcp.ard to pl.iss lubinp,, apart from its uses 
in all hinds of lamps and valves, it provided the 
basis for innumerable articles, such as ther- 
mometers of all kinds ; many forms, simple and 
complex, of scientific apparatus : and hundreds 
of millions of ampoules for medical supplies 
and for military control purposes. 

Cilass pipe lines and larp.e-.scalc condensing 
towers and coolers have replaced metal and 
other materials in a number of chemical factories. 
The production and use of fused silica glass have 
greatly expanded for many objects large and small, 
where very great heat, chemical or electrical 
resistance were needed. The cultivation of 
penicillin has called for hundreds of thousands of 
flasks and huge quantities ofvials made from chem- 
ically inactive glasses: wliilc blood transfusion for 
the services has required 3. 5(X),(XX1 special bottles. 

Upwards of 5.000,000 bottles have been 
supplied for holding vaccines and sera. The glass 
bottle industrx', in spite of labour shortage, main- 
tained an annual output of 15.500.000 gross of 
bottles throughout the war years. 3,500,000 gross 
Ivcing for medicines and drugs, nearly 1.000,000 
gross for milk, and 8,000.000 to O.OOO.OOO gross 
for other foodstufls. 

Under the stress of necessity, even the high 
pre-war rates of automatic machine-drawing of 
sheet glass, rolling of plate and blowing of 
bottles were exceeded by 20 to 33 per cent., and 
the furna.ccs, operating continuously day and 
night, were run for longer periods than in pre- 
war years, not infrequently for two sears. Two 
proces'cs were developed for drawing glass 
tubing of preci'-e internal and external diameters. 

Tlie maruifa.cturc of "white” spectacle plate, 
all of vsliich h;ul Ivcn imported before the war. 
mainly from Cicrmany, was underta.ken with 


Thus the hand-made, cone-shaped cathode-ray 
tulvcs, of wliich some millions were supplied for 
television purposes, had to Isc made to such 
close spccilications of diameter. wall-ihickncNS. 
freedom from bubble, and pressmc-resista.ncc. 



A large mercury rectifier for the conversion of 
electricity from ailernaiing to direct current. This is 
an example of the highly specialized tisc of glass in ih.c 
electrical industry. 

that for quite a period the rejections in some 
factories greatly outnuml>crcd those accepted. 

Similarly in grinding and polishing processes, 
grindings to l,'I,(XX)th inch have Ixeen common on 
a certain electric insulator ; and all-gla.ss hypo- 
dermic syringes have R'en produced in many 
thousands a week with barrel and piMon ground 
to I 1 0,000th inch, llie precision grinding and 
high polish now attained in Hriti'h pl.itc g!.;*- 
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made that material ideal fs'r mtmUling I’cr-pcx 
parts for aircraft and for slandar<!-!evclling plate- 
in tool setting. Gap and plug gauge- m g!.>''. v. cre 
quictlydcvelopcd in Fngland twovear- be:\>rc pur- 
licity was given to Mmi!ar.-\rrcr;can dc. c.'opntent' . 
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The British pottery industry produced hundreds of millions of cups, saucers, and other 
crockery during the war for the services and factory canteens. Some of the utility 

crockery is seen in production. 


iodine, M. & B. drugs, mcpacrinc, penicillin, 
sulphanilamidc, potassium, selenium. 

Other Products: Photographic emulsions, plastics, 
synthetic and reclaimed rubber, soap, synthetic oil, 
textiles, titanium, thorium, and tungsten. 

The range of equipment supplied by British 
chemical stoneware manufacturers includes pipe- 
lines, cocks, valves, pumps, tanks, mixing pans, 
storage vessels, transport jars, absorption and 
scrubbing towers, vacuum and pressure filters, 
fans, nitrating pans, &c. Other applications of 
stoneware were practice bombs, electric kettles, 
and rings for electric heaters. 

Many millions of stoneware containers, such 
as N.A.A.F.I. jars, rum jars, A.R.P. food and 
water containers, mugs, beakers, and foot 
warmers, were also supplied. 

Throughout the years of war it was imperative 
to maintain uninterrupted communications by 
radio, telephone, and cable for planning com- 
bined operations, for coordinating the efforts of 
the United Nations, and for speeding supplies 
from the factories to the various fronts. In these 
spheres, as in important new developments, such 
as radiolocation, electrical porcelain insulators of 


many different types and sizes were an indis- 
pensable component. Without an assured supply 
of insulators the distribution of electricity for 
ligliting, heating, and cooking in homes, factories, 
and canteens could not have been maintained, 
and the transport services — electric railways, 
trams, and trolley-buses — would have broken 
down. 

The number of porcelain insulators produced 
by British potters for these and similar purposes 
ran into hundreds of millions, and there was also 
an immense export demand to be met at the 
same time. 

Large numbers of porous ceramic filters were 
needed for water purification, especially for use 
in tropical or undeveloped countries, where the 
risk of water-borne infections was a constant 
menace. Similar porous media were used in the 
chemical, pharmaceutical and food industries for 
many different purposes. 

A well-known British pottery firm designed a 
special dechroraator, embodying a porous ceramic 
cliaphragm, which greatly lengthened the period 
of service of chromium plating solutions — a most 
valuable contribution to the war effort in view of 
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D l'RlNX; liic years, besides 

supplsinp luimireds of inillions of cups, 
saucers, and oilier crocl;cr>‘ to the armed 
forces. Hritish Restaurants, and factory canteens, 
lire Rritish pottery industry has produced a wide 
ranpe of hip.lily speciali/ei! ceramic wares directly 
essential to the war clVort. includinp laboratory 
porcelain, porous diaphrapms and electrolytic 
cells, lilterinp media, sparkinp plups. acid-proof 
chemical stoneware, porcelain insulators, and 
many special items to replace plant or accessories 
formerly made in metal, rubber, and other 
materials in short supply. 

In addition, there was a tremendous demand 
for humbler but no less essential clay products, 
such as bricks, tiles, sanitary fittinps, drainpipes, 
and conduits — all of which were required in vast 
cpnintities for the construction of war factories, 
camps, aerodromes, hospitals, and other build- 
inps. Refractories, which also form a section of 
the ccr.imic industry, arc dealt with in the follow- 
inp chapter. 

In relation to output, the laboratoiy porcelain 
section is probably the smallest in the industiy. 
None the less, it is of \ital importance to the 
Hritish scientists and technicians, and the manu- 
f.icturc of chemical porcelain has been well 
liewribed ;is a “ master key industry.” 

To the research work carried out in numerous 
labor.itcnics in Clreat Hritain and allied countries 
\se owe the development of new e\pIosi%cs, 
clicmic.ds, and drup', as well as important 
di'Cinc.nes in many other liclds. Such research, 
in turn, depends to a preat extent on the avail- 
ability of hiph-pr.'.dc chemical porcelain crucib’es. 
dol’es. beakers, combustion boats, funnels, and 
many otlrer t>pes of equipment. Tfie w.rrc has 
to Uithst.snd clremic.i! corrosion, hiph tempera- 
tures. amd tb.crm.i! siavk. and its mantrfacturc 
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ware in this countty had nc\cr been olncially 
cncourapetl. Tv.o famous Hritisli pottery lirms 
sa\ed the situation then by producinp. in a levs 
months, a sunicienlly reliable ware to enable the 
\sork of scientists to proceed, .Since that time 
they have maintained the manufacture c’f tliis 
essential product, improvcsl its (piality, and 
durinp this war have K'cn able to meet the nuwt 
exactinp requirements. Moreover, the export of 
laboratory porcelain to allied countries anil the 
Dominions preatly increased durinp the vv.ir. 

Other technical porcelain wares which have 
Ivcn in demand durinp the last six years include 
porcelain formers for rublser plovcs used by 
doctors and nurses : special parts used in makinp 
parachutes, webbinp equipment, medical sutures : 
and synthetic threads for rubber tyres. Another 
specialized branch of the industry has iKcn 
tlic manufacture of ceramic sparkinp plups upon 
which the cflicicncy of all the many types 
of internal-combustion enpines used in the 
prosecution of the war so larpely depended. 

The outstandinp characteristic of chemical 
stoneware is its resistance to :dl acids and other 
corrosives, with the exception of hydrofluoric 
acid and hot,- stronp caustic alkalis. Durinp 
recent years the mechanical strenpth of chemical 
stoneware and its resistance to thermal shock 
have Iscen enormously improved, with the result 
that this ceramic material has Ivcen u‘ed to 
replace certain types of equipment formerly 
desipned and made in metals. It must be empha- 
sized. however, that besides such uses .as an alter- 
native material there is a wide sphere of applica- 
tions in which chemical stoneware is the onl> 
feasible material, Ixscausc of its resist.incc to 
corrosion. The fact that the rnateiial can Iv.: 
made by several different pioccsses, includinp 
throw inp on the potter’s wheel, mouldinp, 
castinp, pressinp and extrudinp. permits con*-idcr- 
able flexibility in desipn. .Anotlicr adva.ntape is 
that stoneware pipes, valves, impellers, and 
similar c.iuipment can K- prccision-pround to 
exact measurements, as. for ex.unple, when 
vacuum-tipht join's arc required. 

The followinp is a verv *n;all ^election fro::; 
the mans hundrcvN of c-'en'ia.! w.'.r-timc prodawt- 
in the manuf.tcturc of which c.hc:;;;ca! • tottcw.uc 
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and other industries for magnesite bricks it 
became necessary to develop the production of 
refractory magnesite by the sea-water process. 
Apart from those in the Shetland Isles, there are 
no deposits of chrome ore in the United Kingdom, 
but within the Empire there are abundant 
reserves and, despite the acute shipping difficulties, 
ample supplies were forthcoming to meet the 
country’s urgent war-time needs from Rhodesia, 
Transvaal, and India. Notwithstanding shipping 
difficulties and rail transport problems in India, 
supplies of kyanite have been maintained at a 
level adequate to meet the heavy war-time 
demands for siUimanite products. 

The other raw materials, fireclay, silica stone, 
and dolomite, are indigenous. Iliey are either 
quarried or mined. 

Without refractories the nation could not 
possibly have achieved its amazing production of 
aircraft, ships — ^naval and mercantile, loco- 
motives, tanks, armoured cars, guns, shells, 
bombs, and other munitions. Neither would it 
have been possible to provide the materials 
required for the Mulberry Harbour and “ Pluto,” 
wWch contributed so abundantly to the success 
of the allied cause, nor the huge quantities of 
building materials required for the construction 
of ordnance and other war factories, aerodromes, 
camps, and hospitals. 

The use of refractories is not confined to war- 
time production. They are equally vital to peace- 
time requirements ; they are necessary, directly 
and indirectly, to the production of aU classes of 
building materials, the production of food, 
power, and heat, the manufacture of china, 
earthenware, pottery, glass, goods and passenger 
transport vehicles, domestic utensils of every 
description, and, of course, all classes of 
machinery. 

The refractories industry is comparatively 
small, for, although there are approximately 200 
undertakings, the total number of operatives 
employed, male and female, is less than 14,000. 
Some firms make more than one class of product ; 
for example, most of the basic brick manufac- 
turers also produce silica bricks. 

The industry was not faced with any serious 
change-over problems at the outbreak of war, 
because its peace-time products are materially 
the same as those for war purposes. This cir- 
cumstance and the fact that it was well organized 
enabled the industry to take prompt action to 
fill the important role it was to be called upon to 


play during the war period. A careful survey of 
the industry’s resources and capacity indicated 
that it possessed plant, equipment, and (with the 
exception of the raw materials required to be 
imported — e.g., magnesite and chrome) raw 
materials to meet aU war-time requirements and 
that the only limiting factor was likely to be 
that of labour supply. 

Although from the outset of the war the opera- 
tives were granted a large measure of reservation, 
it was inevitable that a substantial proportion of 
the younger men would either volunteer for or 
be called to the services. In consequence, the 
industry’s chief problem throughout the war was 
that of labour shortage. Every possible step 
was taken to relieve the position ; the employment 
of females was materially extended, Italian 
prisoners of war were employed on a considerable 
scale and a greater measure of mechanization was 
introduced where practicable. The introduction 
of mechanization, especially in the moulding pro- 
cesses, is necessarily limited by the large number 
of special shapes which are called for, many of 
them of intricate design. 

In a further endeavour to relieve the labour 
shortage, the manufacturers and users, together 
with the’ir technical advisers, took steps to en- 
courage a greater measure of standardization of 
certain types of refractories ; that action proved 
to be very beneficial. 

Large quantities of coal are necessarily used in 
the actual processes of manufacture of refractories 
as distinct from its use for steam-raising purposes. 
Therefore, the maintenance of an adequate coal 
supply was equal in importance to that of labour 
supply. The industry’s vital needs were recog- 
nized, and, notwithstanding the general difficulties 
of coal supplies, there was no serious case of 
interference with production. 

In the early months of the war the industry 
was faced with the urgent problem of preventing 
glare from kiln fires and chimneys. The manu- 
facturers’ central organization, the National 
Federation of Clay Industries, appointed a special 
committee to deal with the matter. The com- 
mittee worked for many months in close co- 
operation with the technical officers of the 
Ministry of Home Security. Schemes for effective 
obscuration were made for all cases and to meet 
all circumstances, and as the problem affected 
every undertaking, each of which had, on the 
average, many kilns, the task was a heavy one. 
The committee received most valuable assistance 
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the serious shortage of chromic acid. Filter 
tubes for aircraft ratc-of-climb indicators were 
another important war-time development. 

In addition to all these activities, domestic 
requirements for crockcrj' had to be met. Some 
100.000,000 cups and saucers are estimated to be 
broken in British households every year. The 
only way such a demand could be met, without 
prejudicing supplies to the services, was to limit 
production to plain, undecorated crockery, and 
even then inevitable shortages arose. Such 
decorative wares as were still permitted under 
official regulations were reserved for a few export 
markets which had always looked to Great Britain 
as a main source of supply. In the first two years 
of the war, in particular, the pottery industry 
made a very important contribution to exchange 
funds by actually increasing the value of exports 
by some £2,000,000. 

The war-time record of the British pottery 
industry is all the more remarkable when it is 
borne in mind that these results were accom- 
plished with a labour force reduced to less than 
lialf the pre-war figure and in face of great 
difficulties created by restrictions in the use of 
coal, gas, and electricity, on which the pottery 
manufacturers depend for firing their kilns. 
Much of the solid fuel available has been of 
inferior quality. 

On the other hand, the industry' was fortunate, 
compared with many others, in that some 96 
per cent, of the clays and other basic raw materials 
are found in Great Britain. The substitution of 
the remaining 4 per cent. — especially of high- 
grade Scandinavian feldspar— ^presented pro- 
blems for a time, but. thanks to the intense 
research of British ceramists, these and similar 
difficulties were o\'ercome without detriment to 
quality. 

It was in Great Britain that this age-old craft 
of potteiy’-making first developed into a vast 
modern industry. The high regard in which 
British-made ceramic wares are held to-day 
throughout the world may be attributed to 
three main factors : — 

(1 ) Hnglish ball and china clays from Dorset. Devon, 
and Cornwall are superior in quality, unifoimity. and 
colour to those found elsewhere ; 

(2) British skill and ciaftsmanship, handed down 
through several successive generations, have utilized 
to the full this basic superiority in raw materials : and 

(5) Technical research during the past 30 years has 
resulted in an intimate wedding of traditional crafts- 
man'ihip and modern scientific methods, with the 
result that the appeanince, strength, and reliability of 
British pottery arc unsurpassed. 
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REFRACTORIES AND 
THEIR DUTIES 

H OW often during the war period ha.s the 
question been asked “ What arc Refrac- 
tories ? ” They arc materials capable of 
resisting high temperatures, rapid temperature 
changes, slag and clinker action, abrasion and 
other factors of destruction occurring in all types 
of industrial furnaces. They arc basic to the 
operation of blast furnaces, steel furnaces, and 
all other metallurgical furnaces, for copper 
refining, and the manufacture of aluminium. 
They arc also essential, inter alia, to the car- 
bonization of coal at gas undertakings and coke 
ovens ; the production of electric power and 
light ; for the boilers of locomotives and ships — 
naval and mercantile ; the production of glass ; 
the production of cement ; kiln constaiction for 
all the ceramic industries ; zinc distillation, and 
to many chemical processes. Therefore, it can 
quite properly be said that refractories arc an 
absolute necessity to the production — directly or 
indirectly — of almost every one of mankind’s 
requirements in peace and war, but because they 
are built mainly inside furnaces they arc rarely 
seen by the public and, therefore, do not attract 
much popular appeal. 

Manufactured refractories include bricks, 
blocks, and tiles made of magnesite, chrome, 
dolomite, fireclay, silica, and sillimanitc. They 
arc produced in a large number of sizes and 
shapes, and must be made to meet the technical 
and other requirements of the furnaces and pro- 
cesses in which they arc to be used. Refractory 
cements, compositions, and other ground 
materials akso arc produced in large quantities. 

Of the raw material magnesite, the United 
Kingdom possesses no natural deposits ; before 
the war supplies were drawn from Austria, 
Greece. Manchuria, and India. TIic supply from 
Austria was cut off immediately war broke out. 
and in due time supplies from Greece and 
Manchuria also ceased. Therefore, in order to 
meet the ever-increasing demands of the steel 
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llKiriStl WAH IMUif)l?CTlON 

or more of her need'.) :irul ihc l>;il:iiicc h;i'. to be 
imported frotn many countries, mninly Smith 
Amcficnn. 

The uiilulr.iu.d of (ierm.iny a*, a !n)>cr of 
hides in Smith .America hel['cd tlie Mtu.itimi at 
the mitlne.d. I'f v.ar arid no particular riillieiitty 
was at first csjvricnced in obt.utiiiu; tfir tspe. i»f 
hides needed in sufheient ijuarttitics. a.rtd, fry 
re.isoti of prompt action t.it.cn fiere to c.iriati/c 
piircJia'C'., at j'rice'. uJiich 'dioaed httle adi.mce 
alune tJie pre-uar le*.cl. In I'r.tJ, h.nv.e'.cr, freight 
tlillicullies instrUc.! a substantia! cut in purcfiascs, 
and Md’.cqucntly fica*. s-nfine. j'tinhrcrd .r 
situ.’tion uliicfi ft.u co::tinucd more or le- -. ititua! 
eser since. 

In contrast uith the pi'sition in tfio. co-.irrtrs. 
tJierc is evidence that in (ier/narp. tfie pti.Uion of 
supplies of !cat!tcr ami idotuear u.o. rcfatisc!’- 
pood. Ciertn.iro h;ul acec-s to farpr supplies of 
hiitcs, shins. ,iml Icatlicf from tfie (veupied 
countries, and inhum.ition no.s forilicominp 
from that country indicates that a hiefi standard 
of footucar u.is rrraint.uncd f’oth for SVrsiecs 
and civilians ripht up to the crnl (>f the l.ufiijse.m 
war. 

In this cmmiry, lumever, the utmost economy 
in the use of leather isceame csscnli.il. and the 
-stocKs on which the various Service Dcp.irirnctits 
otTcrated were reduces! to a minimum. In (he 
juitumn of 19-51 these slivhs vserc cut to the hone 
by the ilispateh of .'.tX)0,(XX) pairs of hoiUs to mir 
Russian ally. The repairinp. and relniililinp of 
worn hoots were dcvelopcil to the utmost possible 
c.\tcnt, and inpcmiiiy was practised on the 
specifications of tlic 60 or 70 different types of 
service footwear to ensure the most economical 
use of every piece of leather available. Sclicmcs 
controllinp the distrilnitioii of leather from the 
producers to the boot manufacturers, repairers, 
and otiicr users were put into operation with a 
v’icw' to using awiilablc stipplie.s in the mo.st 
economical mtmner. These involved the almost 
complete exhaustion of all slocks in the hands 
of producers, merchants, and u.scrs, and the 
elimination of all prcvcntible waste in cutting. 

Developments in (he United States were on 

similar lines, though the position in that country 

» 

never readied the degree of stringency over here 


and civilian footwear production in that country 
was more than maintained. To a .suhstnnfial 
extent (hi', uas accompli'.licd iw the me of alter- 
native material'., and the footwear from these 
was sold free of coupom., Ncvcrtiicicss, the 
I urifed .Si.itcs h.!'. experienced a prow inp shortage 
i»f leather tVorn the autumn of I9-5.') onwards. 
Inlorm.d cotirilin.ition v. hich existed Ivjtvvccn 
the I.c.itfier Control atui its .American counterpart 
for ific purpn-.c of forcipri hide buying was 
cxtrmlrd and con.ohdated in 19*.» into forrn.Tl 
arratipemen!*, under tile auspices of the Combined 
Ravs .M.itcfi.d'. Hoard, by which the vvlmlc of the 
hide supplies, both donir.tic and imported, 
.ivad.’.ble to (irc.it H.'itain, the United .States, and 
C.'.ft.al.i, svcrc subjected to ilivision in agreed 
rro:'ortin;i'.. .Arrangements vserc tu.iilc also for 
fcvul.’.tiiK* the r|uantitics of hides point: to neutral 
ctumifir-., aril! m the past few nionths the .scheme 
has Iven I'urtlier extended to enduace the supplies 
pomp to ilie litKralcsl cinintrics. 

I.atcr m the war similar rlifficultics arose 
rcp.’.rifuip supplies of o:hcr classes of leather- 
pfinlucirip matcri.ils. A larpe proportion of these 
<»thcf ni.itcrials is in normal limes provided by 
India. The preat ilcvclopmcnt in the Service 
rcs|uircmcnts of India herself and the considerable 
expansion in civilian consumption of leather in 
that country cornhineil with the incrca.sing needs 
of Canada, South Africa, the United Slates and 
ourselves created in due course a critical .situation 
in supplies of the rough tanned hides, goatskims 
and sheepskins, for which the rest of the world is 
dependent on India. 'Iliis critical situation led 
to agreements to which the various countries 
concerned were parties. Raw goatskins were 
also the subject of formal arningcments Ixitwcen 
Canada, the United States, and the United 
Kingdom. :md distribution controlled under the 
Cornhineil Raw Materials Board regulation. 

One of tile most important new items of 
personal equipment in the Scn’iccs during the 
war was tliat of gloves and clothing for air crews. 
Only a small proportion of tlic world's sheep- 
skins reach the standard set by the high specifi- 
cation adopted by the Air Forces in tlic Allied 
countries, and an arningcmcnt for the division 
of these skins between the United States and 
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and advice from the director and officers of the 
British Refractories Research Association. 

Tlic indiistr>' cooperated closely with the Raw 
Materials Department of the Ministry of Supply 
througli tlie Clirome Ore, Magnesite, and 
Wolfram Control ; the relationship between the 
Control and the industr}' was a liappy and effec- 
tive one. That effective relationship was helped 
considerably by the Refractories Advisorj' Com- 
mittee which the National Federation of Clay 
Industries appointed soon after hostilities com- 
menced following discussions with the Ministr>' 
of Supply. 

With the constant help of the Control pro- 
duction was maintained at a level which, on the 
whole, was suflicient to meet the allied require- 
ments at home and abroad. The total pro- 
duction of refractories during 1944 was no less 
than 1,577,438 tons, a great achievement. 

Between the two wars the quality of refractories 
was greatly improved. Tliat was made possible 
by greater attention being given to technical 
research and development by some of the larger 
manufacturers and users of refractories, and 
especially by the efforts of the British Refrac- 
tories Research Association. The latter associa- 
tion was formed shortly after the last war under 
the aegis of the Department of Scientific and 
Industrial Research. It has got together a first- 
rate staff of rc.scarch workers and has acquired 
finely equipped laboratories. In conjunction 
with tlic Iron and Steel Industrial Research 
Council it participated in the setting up of joint 
research panels to deal witli open-hearth furnace 
refractories of all kinds, electric furnace refrac- 
tories, and casting-pit refractories. Similarly, 
the association joined with tlie Gas Research 
Board in appointing a joint committee to en- 
courage research on gas and carbonizing refrac- 
tories and with the British Pottery Research 
Association in the appointment of a saggar 
research panel. These developments have been 
of great benefit when, under the stress of war 
conditions, the manufacturers have had to resort 
from time to time to the use of untried imported 
raw materials for some of their products. 

Throughout the war period the industr\' was 
fortunate in the relationship between the em- 
ployers and their operatives. Wages and 
conditions of work have been discussed from 
time to time and agreements made by the Refrac- 
tories Joint Wages Board, which consists of 
representatives of the employers’ organizations 
and the openitives’ trade unions ; the industry 
has been singularly free from stoppages of work. 

i:— : 
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LEATHER AND 
EOOTWEAR 

F ootwear is, with food and clothing, an 
essential article for an army in all ages, 
whatever be the types of weapons used. 
It might be expected accordingly that the foun- 
dation of the footwear supply problem could be 
laid in peace-time and be ready for automatic 
expansion when war comes about. 

The facts, however, are far different. Scivice 
footwear is of a specialized type. The plant and 
lasts needed are not suitable for the bulk of 
civilian requirements. Only a few firms are needed 
to produce tlie limited quantities of boots 
required for the peace-time army. The output 
of very many more firms was needed to meet the 
situation which arose when millions of men 
were called to the Colours, and new problems 
of organization had to be faced and overcome. 
The foobvear industry of this country was fully 
equal to the occasion and the necessary trans- 
formations were quickly made. 

More complicated were the problems relating 
to the supply and distribution of leather for the 
service footwear. Much of tlie leatlicr used for 
civilian purposes — both upper and sole — in 
peace-time is not suitable for ser\'ice footwear. 
Heavier sole leather and thicker upper leather 
are needed for a man in the army than, generally 
speaking, the same man has in his peace-time 
vocation. Leatlicr unfortunately cannot be made 
to a specification as clotli and otlicr readily 
standardized articles can. It has to be manufac- 
tured from hides and skins which, for tlic most 
part, arc the by-products of meat and arc extremely 
variable in many respects. 

The first step in the supply of suitable scrs icc 
footwear, therefore, is to obtain the most suitable 
types of raw material for the purpose. The 
resources of this country can provide only about 
25 per cent, of its hide requirements (in sharp 
distinction to the position in the United States, 
where domestic supplies suffice for 90 per cent. 
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H.M.S. ILLUSTRIOUS AT SYDNEY 


The aircraft-carrier H.M.S. Illustrious entering the new 
graving dock, one of the largest in the world, at Sydney. 
She was the first vessel to enter shortly before the official 
opening by the Duke of Gloucester and the naming “ Captain 
Cook Dock ” by the Duchess. The Illustrious was one of 
four aircraft-carriers completed in 1941, the others being 
the Victorious, Formidable and Indomitable. She took 
part in the pre-invasion attacks on Okinawa and was in 
dock for repairs. 






LEATHER AND FOOTWEAR 


ourselves was also reached. The highly mech- 
anized type of modem warfare involves far more 
heavy “ hand-work ” than in former campaigns, 
and the production of the very many different 
varieties of gloves, needed by the Navy, Army 
and Air Force as well as by large numbers en- 
gaged in some class or other of munition 
manufacture, created from time to time some 
strain on the available sources of materials. 

In past wars, when guns had to be dragged 
into position by horses, enormous quantities of 
leather were needed for equine equipment. The 
mechanization of artillery has changed all this, 
with consequent rehef on leather supplies. 
Nevertheless, substantial quantities of leather 
continue to be used for many articles of equipment 
and a number of new developments due to the 
war occurred, calling for varieties of technical 
leathers. One of the most important of these 
was the oil seal leather needed in aircraft and 
tanks, which requires to withstand temperatures 


as high as 150deg. C. — a degree of heat which 
leather had never previously been produced to 
withstand. 

Perhaps the outstanding feature of the war in 
the leather and footwear sphere was the extent 
to which cooperation between the United States 
and the United Kingdom was developed. The 
leather industry has always been one of the most 
international of industries — this country before 
the war imported hides and skins from more than 
30 countries and exported leather to even more. 
The cooperation which developed during the war 
included not only regulation at the level of the 
Combined Raw Materials Board but also daily 
cooperation at the executive level through a Joint 
Hide and Skin Office set up in Washington. In 
handling the day-to-day business details of the 
distribution of raw material between the Alhes, 
this organization has proceeded a very long way 
in the direction of practical cooperation in the 
international field. 



The necessary adjustments were quickly made to enable the footwear industry of this 
country to meet the required output for the Services. This picture shows the making of 

fleece-lined flying-boots. 
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country’s armed forces and her allies was 
centralized in one Government body — the Depart- 
ment of Munitions and Supply, under the 
direction of its Minister, Mr. C. D. Howe, now 
also Minister of Reconstruction. This centralized 
organization eliminated competition as between 
one branch of the armed services and another, 
or between one allied nation and another, and 
gave cohesion and strength to the mobilization 
of the country’s war resources. Canada is 
believed to be the only country within the 
United Nations that handled all war supply 
through a single agency, and to ensure the 
channelling of raw materials into war output 
while assuring a basic civilian sunply, almost all 
the primary and secondary materials were 
placed under a system ‘ of controls, operated 
jointly by the Department of Munitions and 
Supply and by a War-time Prices and Trade 
Board, responsible to the Minister of Finance. 

In the process of organizing the country’s 
productive resources these two bodies supervised 
virtually the whole field of Canadian economy. 
The Minister of Munitions and Supply was em- 
powered to mobilize, control, regulate or restrict 
any branch of trade and industry. He exercised 
his authority through controllers (members of a 
War-time Industries Control Board) who had 
wide powers of control and jurisdiction over 
steel, metals, oil, coal, power, timber, chemicals, 
machine tools, aircraft, motor-vehicles, construc- 
tion, ship repairs and salvage, transit facilities 
and miscellaneous supplies such as silk, rubber, 
and other commodities. A priorities branch 
fixed priorities of production, transport, and 
delivery ; and the Government’s authority found 
further expression through the agency of Govern- 
ment corporations operating in rubber, silk, and 
machine tools. 

By the end of June, 1940, timber, steel, and oil 
controls had been established, and these were 
quickly followed by other controls. These 
controls made available essential materials for 
the production of war equipment, which was co- 
ordinated by a production board, under the 
chairmanship of the Coordinator of Production. 

While the Industries Control Board had 
complete control of the supply and allocation of 
essential materials, the War-time Prices and Trade 
Board was the supreme authority in the whole 
field of price control. All goods and services not 
under the jurisdiction of controllers were subject 
to the authority of the board, which was also em- 
powered to restrict and effect increased stan- 
dardization in the production and distribution of 


goods and services ; to make recommendations 
for the removal and reduction of taxes and duties ; 
and, through a Commodity Prices Stabilization 
Corporation, to pay subsidies to prevent any 
puncturing of an established price ceiling. Co- 
ordination between the Industries Control Board 
and the Prices and Trade Board was particularly 
close, as the controllers were generally also 
administrators under the latter board. 

In addition to controls efl’ected through fiscal 
policies, restrictions on economic activities were 
imposed by export permit regulations ; by the 
operation of the War Exchange Conservation 
Act, which prohibits or restricts certain imports ; 
by War Labour Boards dealing with wages ; by 
the Canadian Shipping Board ; and by National 
Selective Service, controlling the supply and 
movement of labour. Other controls affected 
agriculture and foreign exchange transactions. 

The Industries Control Board supervised 
civilian production and supplies through the 
agency of a number of controllers, who were 
empowered to see that productive facilities were 
expanded to meet requirements, and to limit, 
and, if necessary, to prohibit, production for 
civilian use of those materials which were scarce 
in relation to war and essential needs. This 
diversion of production from civilian to war 
requirements called for a high degree of coordi- 
nation, both in integrating the activities of the 
controllers and in providing a centralized point 
of contact with other Government agencies and 
with related price, export, and import control. 
The board was structurally designed to facilitate 
coordination. It consisted of the Coordinator 
of Controls, as chairman ; the Coordinator of 
Production ; the Priorities Officer ; the individual 
controllers ; the Chairman of the Prices and Trade 
Board ; the President of the Commodity Prices 
Stabilization Corporation ; the Director of 
National Selective Service, and one or two others. 
The organization thus set up eliminated the possi- 
bility of the controllers working at cross purposes 
with each other, and enabled the whole programme 
to be kept in line with the basic objective — the 
effective mobilization of economic resources. 

In the civilian field the Prices and Trade Board 
imposed controls and restrictions extending from 
the control of aU prices and rents and the licensing 
of wholesale and retail business to the regulation 
of particular types of sales. The National War 
Labour Board, with regional boards, saw that 
wages were maintained at basic rates, with 
increases being granted only in special circum- 
stances. Salaries likewise could not be increased. 
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CANADA’S VAST 
OUTPUT 

T he simple assertion that Canada held 
fourth place in war production among the 
United Nations gives only an indirect 
indication of the remarkable status this country 
attained as an industrial power during the war 
years. While large Canadian forces were fighting 
beside their allies on the battle-fields of Europe 
and elsewhere, another Canadian army of over 
1,000,000 men and women was engaged on the 
industrial front at home ; in work and output 
it enabled the Department of Munitions and 
Supply to make production commitments approxi- 
mating 511,000,000,000 in value since 1939. 

The country’s daily war production bill, about 
$6,000,000 at the end of the war, rose from 
51,500,000 in 1940 to $3,500,000 in 1941 and 
$7,000,000 in 1942 ; it reached its peak of nearly 
$9,000,000 in 1943. In the following year, by 
maintaining the physical volume of production, 
Canada rose to second place among the exporting 
nations. Her exports in 1944, excluding gold 
and consisting mostly of war goods and food 
products, amounted to $3,439,953,000, the 
highest total in the coimtry’s history. Of all the 
war equipment produced only 30 per cent, was 
needed for the Canadian armed forces ; the 
remainder went to Britain, the United States, 
Russia, China, France, Australia, New Zealand, 
and other United Nations, ultimately finding its 
way to virtually every theatre of war. 

When war broke out Canada had no arma- 


ments industry to speak of. She produced a small 
quantity of ammunition, a few experimental 
models of military vehicles, and some negligible 
quantities of other military items. Neither gims 
nor tanks were produced, no large ships, no 
aeroplanes. Since 1939 the country has more 
than doubled its industrial capacity and has 
produced a great variety of naval and merchant 
ships, aeroplanes up to the 15-ton Lancaster 
bomber, scores of types of small and heavy 
ammunition, more than 100 kinds of military 
vehicles, small arms in great variety, self-propelled 
guns, tanks, armoured cars, artillery, precision 
instruments, radar, uniforms, parachutes, and 
hundreds of other items needed for modem war. 

In the early months of war the production 
assignments allotted to Canada were small and 
comparatively easy to meet ; but as weapons 
became obsolete, and as Canadians demon- 
strated that they could turn out larger and more 
complex equipment, the assignments changed and 
grew more difficult. Production figures began 
to rise, but their statistical presentation never did 
more than suggest what was being achieved by 
Canadian industry. They did, however, indicate 
to those who cared to study them that a country, 
largely agricultural, was being transformed into 
a war-time arsenal, capable of meeting exacting 
production demands, notwithstanding shortages 
of man-power, tools, and materials. They 
reflected an adaptability, an enterprise, and an 
organization for war that were likely to place 
Canada in a new industrial position in the post- 
war period. 

The responsibility for obtaining raw materials, 
machine tools, and plant facilities, of building 
and operating Government-owned plants, and of 
undertaking all supply purchasing for the 
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the channelling of war orders from the United 
States, made intricate electrical apparatus and 
optical glass, and performed many other assign- 
ments. In all, 31 Government-owned companies 
were established, 10 to operate plants, 20 to fulfil 
administrative or purchasing functions, and one 
to deal with the disposal of Government 
assets. 

While some Canadian industries, such as the 
steel mills, the automobile plants, the electrical 
and radio equipment trade, and the machinery 
plants, adapted themselves fairly readily to war 
needs, it was nevertheless necessary to expand the 
Canadian industrial plant on a large scale. The 
country has in fact undergone an industrial 
revolution in the short period of five years. In 
the process labour has acquired new skills and 
techniques, and great advances have been made 
in the field of labour-management relations. 
Trade union membership has about doubled, and 
consultation with organized labour is now 
accepted Government practice. The Canadian 
manufacturer has not only learned to produce 
many things which previously were not produced 
in Canada, but has benefited from new processes 
and materials that have been introduced. 
Although the industrialist during the war years 
was subjected to many rigid controls, the ex- 
perience has shown that in special circumstances 
the Government can supervise the whole of a 
nation’s economy without superseding private 
enterprise.’ 
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AUSTRALIAN WAR 
PRODUCTION 

A USTRALIA’S war production was in- 
timately related to the phases of the war 
itself, particularly as it developed in the 
Mediterranean and in the Pacific. Three main 
stages can be distinguished : — 

First, the period following the declaration of war 
against Germany on September 3, 1939 ; 

Second,' the southward thrust of Japan in 1942, the 
fall of Singapore, the occupation of the Solomons, 
and the direct threat to Australia ; and 

Third, the defeats of the Japanese at Guadalcanal, in 
the battle of the Coral Sea and at Kokoda in New 
Guinea, and the assumption of the offensive 
against Japan by the allied forces after the early 
months of 1943. 

In the first of these phases the contribution of 
the Commonwealth to the war against Germany 
was the maintenance of the Australian Imperial 
Force in the Mediterranean theatre and the 
supply of foodstuffs, raw materials, and some 
munitions to Great Britain. This was a period 
of organizing war administration, of reorganizing 
the industrial and financial structure, and of 
reviewing the resources of the nation. 

In the second phase the nation moved into a 
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A National Labour Relations Board, with 
associated regional boards, operated to enforce 
regulations governing collective bargaining and 
served to avoid industrial disputes or to make for 
their satisfactory settlement. 

Thus, the Department of Munitions and 
Supply, which began as a purchasing board to 
prevent competition in obtaining supplies for 
the Canadian armed forces, evolved into an 
elaborate organization that touched almost every 
aspect of Canadian daily life, and impinged on 
the supply system that buttressed the allied war 
effort in every theatre of war. Under its super- 
vision the country has b^ome self-sufficient in 
many items it did not previously produce, and 
the organized allocation of requirements has led 
to the establishment of new industrial plants. 
By the end of December, 1944, the department 
had made commitments for investment in war 
production facilities totalling nearly $850,000,000. 
Expenditures included an investment of nearly 


CANADA’S VAST OUTPUT 

$533,000,000 in land, buildings, and equipment 
for the erection of new production plants. 
Approximately $166,000,000 was invested to 
assist in the conversion to war production of 
privately owned plants producing for commercial 
markets at the outbreak of war. Some 
$70,000,000 provided housing for war workers. 

A new step was taken in the establishment of 
Crown companies — Government-owned com- 
panies formed to increase production and to aid 
in controlling war materials. Three of these 
had the task of administering and improving the 
machine-tool position, of stockpiling and dis- 
tributing silk, and of stockpiling and distributing 
rubber. Other Crown companies produced and 
purchased aircraft woods, built and operated 
a synthetic rubber plant, repaired machine tools, 
buUt ships, operated merchant vessels, directed 
the aircraft industry, constructed aircraft com- 
ponents and aircraft, made small arms, supervised 
chemicals and explosives production, dealt with 



The industrial capacity of Canada has been more than doubled since 1939 and a great variety of war equipme 
produced. Above are two photographs showing different stages of aircraft production in Canadian factories. 

Forging a propeller. Right : Extruding a wing spar boom section. 
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changes in the direction of Australia’s imports 
and exports : — 

DIRI-CTION OF TRADF 
Australia : Fur-WAU and Post-war 
(£A. millions) 



Imports 

Exports 


1938-39 

1943-44 

1938-39 

1943-44 

United King- 
dom 

40.4 

23.2 

68.7 

38.9 

Foreign 

24.6 

6.1 

33.8 

10.4 

Canad,T 

7.7 

2.0 

2.0 

3.6 

Other British. . 

8.5 

6.4 

13.1 

34.1 

E,asternSupplv* 

3.7 

15.3 

3.3 

16.9 

U.S.A. 

14.6 

25.9 

19.6 

28.3 

Total 

99.5 

78.9 

140.5 

132.2 


• Eastern Supply!- India and Ceylon. 


This table will indicate broadly the theatres 
to which commodities were diverted by war 
necessities from normal export markets. The war- 
time trade relations between Australia on the one 
hand, and groups such as India-Ccylon, U.S.A., 
and “ Other British " on the other cannot be 
regarded as permanent. Tlicy reflect economics 
in shipping owing to rearrangement of Australia’s 
trade with nearer countries. It is unncccssar>' to 
specify commodities, but the enlarged imports of 
cotton and cotton goods from India, of tea from 
Ceylon, of tin-plate from U.S.A., and of exports 
of manufactures to New Zealand were typical of 
the way in which trade was forced into a new 
pattern. 

As the war cflort proceeded the main dilliculty 
was the coordination of the different controls set 
up, and in 1942 the Department of War Organi- 
zation of Industry was formed for this purpose. 
The normal operative principle adopted was the 
rationalization of production, in order to comb 
out unessential industries and unproductive 
labour so that the maximum cflort could be made 
to meet the menace of Japanese invasion. 
Prohibitions of production or employment were 
the devices used for achieving the desired result. 

Under W.O.I. the Director of Manpower 
was also set up to find 350,000 additional men 
and women for the Services and for war produc- 
tion generally. At this stage small businesses 
suffered greatly, and rural industry was drained 
of manpower for the forces or the war factories. 
Complete control was imposed upon new 
manufactures, civil building was prohibited, many 
established manufactures were cut down, and 
protected industries were combed for manpower. 
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All employment had to be recorded through the 
Department of Labour and National Service. 
By the end of 1942 the general effect was to 
concentrate upon war needs 1.8 million out of the 
total normal employment of only 3.4 million 
workers, and reduction of civil services became 
drastic. 

Price control had been established soon after 
the outbreak of war. It was realized early that a 
curb upon inflation was necessary if the cost of 
the war were not to be increased Ijy rising wages, 
causing or caused by increased cost of living. 
Wage control through the Arbitration Court, 
and price control through the Prices Commissioner 
were essential implements of war finance, since 
the budgetary' problem of meeting steeply rising 
war expenditure depended upon effective use of 
credit and .savings. 

In 1942 price control was extended to enforce 
limitation of profits. The over-riding purpose 
was to drain ofl'c.xccss purchasing power to meet 
the needs of the Treasury. To cope with the 
national emergency, taxation, loans, and credit 
expansion were all used to the full ; investment 
was rigidly controlled through the Capital 
Issues Board, and State loans for public works 
were drastically reduced. Income taxation 
increased rapidly, and a general tightening up of 
all financial transactions took place. The chang- 
ing budgetary’ structure is shown below : — 


AUSTRALIA : WAR FINANCE 
1939-40 TO 1943-44 
{£A. millions) 


— 

1939- 

40 

1940- 

41 

1941- 

42 

1942- 

43 

1943- 

44 

National income 
(net rc.Tl) 

887 

956 

1,090 

1,220 

1,320* 

War expenditure: 
Internal 

45 

127 

273 

483 

489 

Oversea 

10 

43 

47 

79 

56 

Total 

55 

170 

320 

562 

545 

War expenditure: 
Per cent, of 
national in- 

come 

6 

IS 

30 

46 

41 

Financed by tax- 
ation . . 

25 

65 

109 

159 

168 

Loan 

28 

102 

127 

216 

265 

Central Bank . . 

— 

— 

78 

179 

69 

Treasury 

balances 

2 

3 

6 

8 

43 


* Estimated. 
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managed economy and into a period of intense 
preparation to resist Japanese aggression and 
a possible invasion. The expansion and training 
of the armed forces, and the partial blockade of 
the continent threw the Commonwealth upon its 
own resources in providing munitions and equip- 
ment at the cost of reduced civilian consumption 
and of considerable dislocation in rural industry 
and export trade. At the same time, Australia 
became the main allied base for the counter- 
attack upon Japan ; American forces and equip- 
ment had to be accommodated, and defence 
works of all kinds from aerodromes to harbours 
had to be constructed. In these circumstances 
Government direction became necessary to divert 
resources from unessential activities, and 
economic controls were necessarily extended. 
By the middle of 1943 this second phase was 
complete, men had been trained, new arms had 
been produced, reserves of all kinds had been 
accumulated, and an acute budgetary problem 
was being successfully solved. 

The opening months of 1943 saw the beginning 
of the third phase, the mounting of a cumulative 
offensive against Japanese positions. By now the 
mobilization of resources had been completed, 
but great new armies, navies, and air forces had 
to be supplied on a growing scale. New problems 
of supply accompanied the employment of new 
types of weapons and equipment for sea and 
jungle warfare ; increased demands for troop 
needs were made upon the food and clothing 
industries. More ships were made available to 
enable exports of food to Great Britain to be 
increased. The Australian economy had now 
reached the practical limits to the employment of 
all resources. 

All this development required by 1944 the re- 
casting of economic controls ; and, in some 
directions, existing pohcy was changed or even 
reversed. The demands for food for Britain 
and for the allied forces in the Pacific compelled 
re-allocation of labour and release of men from 
the forces in order to maintain rural production. 
These were the urgencies prevailing in 1945, 
associated with the necessity for increased 
supplies of farm machinery and fertilizers. 
Unfortunately, the 1944-45 season developed 
into one of the most disastrous droughts in the 


history of the country and many of the production 
goals will not be reached. 

The first year of war in Australia was largely 
a period of preparation for the struggle which 
lay ahead. The Commonwealth Parliament 
passed a comprehensive National Security Act, 
which was a blanket measure necessary to enable 
anything to be done under the Defence power. 
The next step was to bring about a- progressive 
diversion of national resources to the purposes 
of war ; and this took the form, first, of strengthen- 
ing the industrial and financial organization upon 
which a total war effort would be ultimately 
built, and secondly, of easing the transition for 
the community. These aims were often in- 
compatible, but the “ sorting out ” process 
proceeded without excessive friction. 

In Jime, 1939, the Department of Supply and 
Munitions had been set up, while the Division 
of Import Procurement was organized under 
Trade and Customs to control the import-export 
structure in relation to home production. With 
the splitting off of the Department of Munitions 
from Supply and Development, sub-departments 
headed by proved business executives were set up. 
Industry was brought under the controls necessary 
for expanding essential, and discouraging un- 
essential, production. The community was be- 
ginning to realize the problems of economic 
warfare. This reorganization was of prime 
importance because, at the outbreak of the war, 
the coimtry was lacking in armaments production 
and its output of war goods was very small. By 
the end of 1941 Australia had established new 
precision processes and was energetically swinging 
into the production of aeroplanes, Bren gun 
carriers, anti-aircraft guns, machine guns, naval 
armament, and many other types of equipment. 
Blueprints were being got ready for much more. 

Early in the war Australia was supplying a 
great amount of clothing, materials, and equip- 
ment to other parts of the Empire. The Eastern 
Group Supply Council was organized and based 
at Delhi “ to make the best use of the productive 
resources of British countries in the light of war 
needs and the transport problems of the Empire.” 
The figures below show the order of the achieve- 
ment in this field of supply, and its relation to 
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The Lend-Lease Agreement between Australia 
and the United States was signed in September, 
1942. At September 30, 1944, Australian 
Reciprocal Lend-Lease aid to the United States 
totalled £198,000,000. Estimated aid to United 
States Forces in the Pacific in 1944-45, 
£1 10,000,000, represents 22 per cent, of Australia’s 
anticipated war e.xpcnditure in the current 
financial year. Tn addition, Australia will be 
required to provide services and supplies to the 
British Pacific Fleet estimated at £21,156,000. 

Australian aid to the United States also 
included transport and communications facilities 
and a wide range of works. Main items supplied 
to the United States were : — 


FOOD 


Meat, fresh and canned 

117,000 

tons 

Bread, biscuits, and cereals (in- 

eluding flour) 

163,000 

*» 

Potatoes 

60,000 

«• 

Fruit and vegetables 

164,000 

• • 

Canned goods (jam, fruit juice, &c.) 

60,000 

** 

Butter 

11,000 

tt 

Butter substitutes 

11,300 

t* 

Sugar . . 

48,000 

♦ ♦ 

Milk, processed 

30,000 

»• 

Milk, fresh 

6,460.000 

galls. 

Eggs 

40,000,000 

dozen 

CLOTHING 

Boots 

1,700,000 

pairs 

Blankets 

1,800,000 

No, 

Sweaters 

261,000 


Shirts 

546,000 

»♦ 

Underwear 

463,000 

»♦ 

Socks 

8)700,000 

pairs 

There is little that need be added to this factual 


record of war-time production save some 
reflections upon the mistakes made and the 
lessons to be learned from this forced experiment 
in planned production. The mistakes have been 
errors of prediction, caused by changes in 
demand due to high policy and therefore not 
culpable ; errors of judgment, that is, lack of 
knowledge in departments concerning essential 
facts ; errors of personnel and of administration 
caused by departmental reluctance to admit that 
jobs might be better done by other departments, 
other persons, or other methods. In producing 
goods and services old prejudices have been too 
prominent ; new ideas, speed of movement, 
adaptability, national outlook all too frequently 
lacking. 

To say that, however, is merely to note that 
“ there has been a war on.” It is hard to see 
how this sort of thing can be avoided. The 
farmer vis-a-vis the bureaucrat, the politician 
vis-a-vis his electors — all arc relations of war- 
time weakness. Even more costly has been the 
waste caused by the time-lag in shutting off pro- 
grammes which have achieved, or have failed to 
achieve, their objective. Wooden ships that 
“ won’t do,” dehydrated products that Service 
men won’t cat, designs that never get into pro- 
duction, types that arc born obsolete — but why 
prolong the ” hateful, vaporous and foggy night ” 
of a taxpayer’s grievances? Australia did no 
worse perhaps in total production than others ; 
she might, perchance, with more sceptical and 
more ruthless scrutiny by more experts more 
continuously have produced more or wasted 
less, but ” things like that we know must be 
with any famous victory.” 







y 



A scene at a fitting-out wharf at 
a shipyard at Whyalla, South 
Australia. A partially completed 
ship is seen on a slipway in the 
background. 
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So great was the need for conserving all avail- 
able supplies that the Government organized 
in 1942 a Rationing Commission, and embarked 
upon an austerity campaign. Price control and 
rationing went hand in hand, and the apportion- 
ment of short supplies was necessary for the 
maintenance of civilian morale. Price control 
and rationing were outstandingly successful, and 
the community behaved very well in the face of 
considerable restriction. 

The third phase completed the transfer of all 
available resources to war purposes. This was 
the peak of the war effort for munitions and 
equipment, but the emphasis was now rapidly 
changing, because supply for allied forces in the 
South-west Pacific called for the creation of 
stocks and for a rebalancing of rural and in- 
dustrial production. The defence situation was 
already easing by the middle of 1943 ; and, under 
the stimulus of Commonwealth control. State 
Agricultural Departments set about the problem 
of securing greater food production. The order 
of urgency is shown by the fact that the area of 
vegetable production was doubled in the 1943-44 
season, and that in every field of primary pro- 
duction pressure was applied to increase output. 

The chief interest of the Federal Government 
was stUl the financial aspect of the war. Monetary 
policy had to be firmly handled to prevent in- 


flation and to maintain the production of essential 
commodities such as coal. Efficient price control 
and financial policy were basically necessary for 
this reorganization ; and, in order to stimulate 
production and stabilize the wage-price structure, 
the policy of allowing prices to follow costs was 
changed in April, 1943, to a pohcy of fixed 
price ceilings. This was done by providing sub- 
sidies out of consolidated revenue to compensate 
producers for rising costs in essential industries. 

During all this period the War Organization 
of Industry had continued to widen and deepen 
its control. About 300 new essential industries 
had been approved, all the “ trimmings ” had 
been taken out of living, the total working 
population had risen by 620,000 since the outbreak 
of war, and no further economies in civilian 
consumption seemed feasible. 

At the beginning of the war rural production 
had been stabilized by the Imperial Purchases 
Schemes under which Great Britain acquired all 
rural products, except wheat and sugar. The 
schemes were on the whole successful, but the 
changing emphasis of global war needs was 
responsible for a considerable amount of contra- 
dictory direction and subsequent loss of 
efficiency. 

Australia’s war production is summed up in 
the following figures : — 


AUSTRALIAN PRIMARY PRODUCTION (selected) 


Year 

Primary 

Production 

Wool 

Meat 

Wheat 

Butter 

Timber 

Mining 

Coal 


£m. 

Million 

lb. 

Thousand 

tons 

Million 

bushels 

Thousand 

tons 

Million 
Sup. feet. 

£m. 

Million 

tons 

Average, 3 
year, 1937-8 
to 1939-40 

261 

1,045 

956 

184 

203 

780 

34 

12.4 

1940-41 . . 

261 

1,142 

942 

82 

193 

857 

40 

11.7 

1941-42 . . 

272 

1,167 

994 

167 

168 

940 

41 

14.2 

1942-43 . . 

280* 

1,148 

1,035 

156 

170 

880 

39 

14.9 


* Estimated. 
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for quinine was manufactured from pyrethrum 
flowers and agar produced from Indian seaweeds. 
Penicillin has been produced on an experimental 
scale. The cutlers of Sialkot, descendants of the 
swordmakers of old, were shown how to make 
surgical instruments. They are now turning 
them out in excellent quality at the rate of 

30.000 a month. 

There was a very small and languishing silk 
industry in India before the war. Seed was flown 
from China and, with difficulty, the ryots were 
persuaded to cultivate them at a time when food 
was short. Filatures were built in India from 
specimens of French machinery and old boilers 
were adapted. There were teething troubles, but 
in the end silk parachutes as good as any were 
produced. India’s cotton parachutes, of which 
a quarter of a million were manufactured monthly, 
were praised by the American Air Force as the 
best they had. India evolved its own formula 
for anti-gas fabric, as also for an aeroplane dope 
which was made chiefly out of old cinematograph 
films. 

Oxygen was made for aircraft flying over the 
“ Hump ” to China, and a pure spirit for de-icing. 
India’s 70-year-old industry was the United 
Nations’ largest supplier of the indispensable 
mica. The demand was so urgent that mica — 
as many an intending passenger knows to his 
cost — had a high priority by air. Last, but not 
least — although this survey does not pretend to 
be exhaustive — India turned each year 16,000 to 

18.000 tons of home-grown rubber into ground 
sheets, tyres for aircraft and road vehicles and 
other equipment for the United Nations’ armies. 

The production of weapons and munitions was 
the function of the Government ordnance fac- 
tories, supplemented mainly by the railway work- 
shops. The factories were modernized and ex- 
panded, and new ones were built to enable India 
to turn out field gun, howitzer, anti-tank and 
anti-aircraft gun parts, machine-guns, mines, 
bombs, depth charges, binoculars, stereoscopes, 
telescopes, and fire control instruments. A new 
factory was established for the manufacture of 
high explosives and subsidiary plant for the 
production of toluene. The output of rifles was 
increased tenfold, light machine-guns twelvefold, 
bayonets seventeenfold, small arms ammunition 
fourfold, gun ammunition twenty-sevenfold, and 
gun-carriages ninefold. The vastly increased rate 
of ammunition output was maintained in spite 
of the introduction of new types, which involved 
a complete change of production methods and 
filling technique. 


Alongside this went the mobilization of 
existing civilian industry for the equipment of 
the forces. The Supply Department until this 
year took the entire output of the woollen, steel, 
and cement industries, almost the whole of the 
leather industry’s output, and at one time 35 per 
cent, of the production of the cotton textiles 
industry. At one stage of the war India was 
almost wholly responsible for the supply of bulk 
stores to the Middle East. Indian-made pipelines 
carried water to the Army in the Libyan desert. 
Indian rolling-stock, track, and equipment made 
the desert railway. Indian paints and hemp nets 
camouflaged the guns at El Alamein. Ninety 
per cent, of the tents, canvas and ground sheets 
used in the desert came from India. The troops 
wore clothes made in India, to a lesser extent 
walked in Indian boots, ate food of which a 
large proportion came in dehydrated form from 
India, and received from India immense quan- 
tities of their medical stores and comforts. 
Apart from the value of the stores, use of the 
shorter supply route from India to the Middle 
East meant substantial economy in United 
Nations shipping. 

The organization of India’s war production 
was the work of the Supply Department of the 
Government of India. This Department was 
formed at the outbreak of war as the secretariat 
of a War Supply Board, which was a committee 
of secretaries of Departments. The executive 
of the Supply Department was the Directorate- 
General of Supply, which took over all peace- 
time purchasing agencies and the ordnance 
factories. Later the War Supply Board was 
replaced by the War Resources Committee of 
the Governor-General’s Executive Council, which 
may be described as a policy committee at the 
Ministerial level. 

Then, as work became heavier, the Directorate- 
General of Supply shunted off the production of 
munitions and the control of heavy engineering 
to a Director-General of Munitions Production 
in Calcutta. Later a Directorate-General of 
Shipbuilding and Repairs was formed, and in 
October, 1943, a Directorate-General of Aircraft, 
the function of which was to look after the 
R.A.F. in India by the purchase and manufacture 
of parts and the repair and maintenance of aircraft. 

Under the directors-general plaiming, produc- 
tion, and purchase proceeded in parallel. To the 
purchasing sections were attached technical 
directorates which attended to the expansion 
and diversion of existing industrial facilities and 
the establishment of new factories. Honorary 
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Steel plates for ship- 
building being 
moved by an electric 
magnet at a steel 
plant in India. Steel 
production has been 
raised considerably. 
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INDIA AS PRODUCER OF 
MUNITIONS 

T he story of Indian war production is a 
complex one of industrial development over 
a very wide field from beginnings that 
amounted to very little either in the way of pro- 
ductive capacity for the needs of modem amiics 
or organization for supply. In the year of the 
outbreak of war contracts for military stores 
placed by the then supply agencies amounted to 
1 1 .4 crores of rupees. In 1 942-43 the value of the 
contracts placed by the Supply Department was 
261.3 crores and indents were being accepted for 
the supply from indigenous sources of 20,000 
odd articles that had not been manufactured in 
India before the war. 

In 1939 India’s assets for the production of 
munitions and engineering stores were a young 
but flourishing steel industry, a few Government 
ordnance factories, some 600 trade and railway 
engineering workshops, and excellent facilities 
for fabricated steel works. The more obvious 
weaknesses were that India had no non-ferrous 
metals industry, no general engineering work- 
shops equipped and staffed for mass production, 
and no regular machine-tools industry. Added to 
these deficiencies was the dearth of technicians and 
supervisory staffs, which, although some 50,000 men 
were trained during the war for munitions work, 
remained a serious limiting factor throughout. 

By the end of the war the number of ordnance 
factories had been tripled. Their crews numbered 
100,000, as against 15,000 before the war. The 
number of engineering shops used by the Director- 
General of Munitions Production was 1,500. 
A non-ferrous metals industry has been estab- 
lished and includes in its achievements complex 


aluminium alloy forgings for aircraft engines. 
Machine tools, of which before the war fewer than 
100 were turned out annually, are now being 
produced at the rate of 350 to 400 monthly. Steel 
production has been raised from 750,000 tons 
annually to over 1,000,000 and the industry has 
seen important new developments. India during 
the war has become a producer for the first time 
of alloy steels, high carbon tool steel, high-speed 
and stainless steels, special steels for the Royal 
Air Force, bullet-proof plate, and ferrosilicon. 

That docs not end the story. India, which 
before the war built only coasting craft, has to-day 
a shipbuilding industry with a labour force of 
50,000 that since 1942 has been building ships 
ranging from steel minesweepers, anti-submarine 
patrol boats, and assault craft to 16ft. dinghies. 
Repairs, many of them of a size never before 
attempted in India, have been made to 4,600 
freighters and tankers (30,000,000 tons of 
shipping) and to naval vessels. A floating dock 
— one of the largest in the world — has been built 
for the Admiralty and another is in construction. 
The presence of the Royal Air Force in India 
has resulted in the repair and maintenance of 
aircraft engines and other components becoming 
a substantial new industry and has promoted 
many new lines in manufacture. Indents from 
the R.A.F. for 13,270 different items were 
accepted by the Supply Department in 1943. 

Other achievements include the establishment 
of a chemicals industry. Soda ash, caustic soda, 
bleaching powder, and many .other important 
chemicals which before the war were produced 
in very small volume or not at all are now in 
substantial production. About 400 drugs and 
medicines which used to be imported are to-day 
being produced locally. With the help of lend- 
lease equipment from the United States India 
made the United Nations’ entire requirements in 
strychnine, caffein, and santonin. A substitute 
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NEW ZEALAND 
RESOURCES 

T he story of New Zealand’s war production 
tells of the re-birth of pioneer resource- 
fulness. Save for her land products the 
.Dominion in 1939 had little of the equipment for 
total war. She lacked, too, most of the materials 
and industries needful to produce equipment. 
But necessity — to furnish the means for home 
defence, and to equip an Expeditionary Force — 
spurred her people to rediscover the genius of 
their forefathers for building what they needed 
from ihe materials they had. 

Stiuting without indigenous metals, heavy 
industry or physical laboratory, the coimtry, 
after five years, was supplying many of her own 
needs, and filled gaps for the Eastern Group 
Supply Council and the Pacific fighting forces ; 
the total achievement is small by comparison 
with industrialized Britain, but for New Zealand 
it is much from little. 

What was done, moreover, was without 
diminution of those war supplies that the country 
could so well furnish — foodstuffs, wool and wool 
products, a creditable achievement, for the 
Dominion early faced two farming problems — 
man-power shortage and scarcity of fertilizers. 
Measures were taken to meet the new difficulties ; 
rationing of fertilizer, use of substitutes, recruit- 



ment of land girls, cooperative mechanization of 
farms, so far as this was possible. When the 
immediate Japanese menace receded and New 
Zealand’s Third Division returned from the 
Pacific Islands theatre, land labour was reinforced, 
but there is still much ground to be made up. 
From the outbreak of war to the end of 1944 the 
principal food supplies to Britain have been 

Meat . . . . . . 1,654,500 tons 

Butter 734,000 tons 

Cheese . . . . 638,000 tons 

Adjustments had to be made from time to 
time to meet Britain’s most pressing needs. For 
example, in the 1941-42 season a substantial 
diversion was made from butter to cheese- 
cheese production had been raised in the previous 
season by 38,000 tons— and in the following 
season a return to butter was required. Sub- 
stantially increased quantities of dried milk were 
also sent. Again a request was made for the 
production of linen flax, a crop not previously 
grown in New Zealand, and over several years 
20,000 acres of high-grade fibre have been 
harvested and processed with equipment made 
locally. 

When American forces came to the South 
Pacific new food demands had to be met. Meat, 
butter, meat and vegetable rations, service 
biscuits, apples, and potatoes were furnished in 
huge quantities. Arrangements were made, by 
contract with market gardeners, and the establish- 
ment of State vegetable farms, to supply fresh 
vegetables. Dehydrating plants were also set up, 
and thousands of tons of the dried and fresh 
produce were shipped to the island war theatres. 
For example, within four days of the American 
landing on Okinawa the invading forces had 
fresh vegetables from New Zealand. The principal 


Preparing cabbages for the use of 
the forces at an Internal Market- 
ing Department Centre in Auck- 
land, New Zealand. Thousands 
of tons of dried and fresh pro- 
ducts were sent to the different 
war theatres. 
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advisers or panels of advisers from private 
industry and transport gave invaluable assistance. 
Until the spring of 1941 the purchasing sections 
used the peace-time method of competitive 
tendering. As defence demands absorbed more 
and more of the industrial capacity competition 
disappeared and the method was adopted of 
negotiating with industry after ascertaining the 
costs and profits margin. 

The third phase, after Japan’s entry into the , 
war, was that of control. The manufacturing 
capacity of the South-east Asia countries, which 
for war supply purposes had been coordinated 
with India’s under the Eastern Group Council, 
disappeared. By this time, too, the civilian 
markets of India were denuded of stocks. Food 
for the civilian population was threatening to 
become short and prices of other necessities, more 
particularly textiles, were soaring. It was now a 
case of making allocations as between essential 
defence and essential civilian needs and the 
controlling and rationing of distribution. 

This situation led to the establishment in the 
autumn of 1942 of a separate Food Department 
of the Government of India. Later a Department 
of Industries and Civil Supplies was formed to 
take over responsibility for cotton textiles and the 


supply of civilian consumer goods generally. 
The undeveloped character of India’s economy 
was a great impediment to the effective working 
of the Departments’ controls ; but along with the 
financial measures of the Government of India 
these have assisted to keep price levels reasonably 
stable for the past two years. 

Upon the basis of their experience in this war 
the Supply Department regret that more thought 
was not given in advance to the capacity of vital 
services such as transport and coal in relation 
to expanding industry. Both, particularly in the 
fourth and fifth years of the war, were serious 
bottlenecks. . Another handicap was that, 
although before the war the potential capacity 
of existing industries was known, the Depart- 
ment had no accurate indication of the demands 
likely to be made on them or the pace of develop- 
ment that would be necessary to meet the require- 
ments of the defence forces. It was accordingly 
difficult to keep production ahead of recruitment 
and training. The defence preparedness of a 
country in time of peace should, in the Depart- 
ment’s view, include a complete plan of produc- 
tion which can be put into operation as soon as 
war breaks out. 



A photograph taken in a railway workshop in India where plant was installed for the production of munitions. : 
one of the processes in the manufacture of shells. Some 1,500 engineering shops, apart from ordnance factori 

used by the Director-General of Munitions Production in India. 
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uilcl not be obtained in time. Me designed and 
made the macliine liimself. 

Some of the Dominion’.s products have been : — 
Over 5.000,000 prcnadcs. 1. 000.000 .slicll fuses, 
and some iliousands of trench mortars ; I.OOO.tKK) 
mortar bombs, also univcrs.'il and Urcn pun 
carriers. Mucli of this has pone to the nasiern 
Group. As experience was pained, workers 
trained, and maclunes and material oluained. 
bipper jobs were undertaken. Traininp aircraft 
have been built and cdicicnt sers icinp sltops set up. 

Uepinninp with the conversion of fishinp 
trawlers and ferrs'-boats for mine-sweepinp, ship- 
buildinp plant has been cxpandetl to meet all 
repair needs and to supply b'airmile motor-boats 
and many useful small craft for the Tacilic forces. 
New /'caland air I’joitnd stalls workinp with the 
Americans on island bases base won their hiphest 
praise. Nothinp was too badly smashed for the 
New Zcalaiulers to repair, they said. That was 
the result of traininp in the early days when a 
plane, thouph it looked like a heap of junk was 
one of the few and must be kept in the air. 

In recent times New Zealand’s role of handy- 
man in the South Pacific has taken a wider form. 
Implements and utensils of all kinds were made 
to meet needs known or expected as the Japanese 
were rolled back and liberated territories needed 
help in rehabilitation. 

All this has meant direction of the use of 
industry (and of labour also), for the most part 
voluntarily accepted. Thus in various industries 
the pcrccntape output for war has liecn ; — 

Enpincerinp, S-t : sawniillinp, : woollen mills, 
70 : clothinp, 7.S ; electrical, S5 ; radio, 90 ; liiscuits, 81. 

It should be noted that before the war the full 
output of these industries supplied only part of 
the local civil demand. Now the civilians have 
had 10 to 30 per cent. — and fewer imports. 

From the war production experience New 
Zealand has learned one thing of great value : 
that her people have technical skill which, 
properly applied and directed, may enable her to 
produce economically a variety of manufactured 
goods. Further, the cost handicap imposed by 
small establishments endeavouring to produce 
too many types of goods, or goods having too 
many components, can be overcome by speciali- 
zation in types, or, with precision measurement, 
division of production processes. 

In the war these principles were applied under 
most favourable conditions. The Ministry of 
Supply and Munitions as a centre guided and 
helped coordination and cooperation. Acting in 
close association with committees from the 


various industries, the Ministry was able to place 
contracts to obtain the greatest output and the 
most economical use of manufacturing power. 
Mow far this experience may be applied for peace 
production without dcstniction of competitive 
enterprise has yet to be discovered ; but at least 
it may lie slated tJiat New Zealand has crowded 
into five years experience that she would not have 
acquired in 10 years of peace. 
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SOUTH AI-RICAN 
SUPPLIES 

S OUTH AI'RICA’S war production, which 
at two stages of the war contributed sub- 
stantially to victory, was made possible by 
the fillip to local industries given by the war of 
19I-J-1S. During that war, cut ofl' from oversea 
supplies, our numbers of factories and operatives 
nearly doubled themselves. The following tabic 


tells the .story ; — 


Vear 

No. of 
I’actoric: 

No. of Employees 

European 

Other 

PM.*;. 16 j 

1919.:0 j 

j .'.99S 
6.S90 

:'9.5:.; 

1 

61,654 

113,037 


tTlicrc arc no reliable .statistics for the years before 
I9I.‘'-16. the .South African Industrial Census having 
been established only in 1917.) 

Tluit morlest spurt was followed by a modest 
but consistent advance until the beginning of the 
thirties, when the South African Iron and Steel 
Corporation (Lscor) began serious production. 
Iscor, which would have been impossible without 
the encouragement given to Soutli African cntcr- 
pri.se by the war of I9M-1S, was the foundation 
of the Union’s production in the war. It has 
three blast furnaces in operation, smelting half 
a million tons of South African ore a year ; and 
with its ancillary' works it has turned, during the 
past five years, to the production of special steels 
which would have been far bcj'ond its ambition 
in normal times. 

With this firm basis, SouUi Africa was able 
gradually to build up a production of guns, shells, 
bombs, and engineering components which, 
although light by European and American 
standards, was a godsend to allied commanders in 
the Middle East and Burma because of its 
accessibility. 
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food supplies to the American forces (to April 30, 
1945) were : — Meat, 132,300 tons ; butter, 16,924 
tons ; cheese, 5,658 tons ; canned and dehydrated 
vegetables, 15,783 tons; fresh vegetables, 78,202 
tons. Fresh fruits, dried miUc products, bacon 
and ham, and other foods were supplied in 
quantities that often meant shortages for the 
Dominion. 

■ Rationing was applied to augment exportaTjle 
surpluses. Rationing amid plenty is not easy, 
but with the slogan “ More for Britain ” the 
response was splendid. New Zealanders were 
probably the biggest meat and butter eaters and 
sugar-users in the world, and the rations, though 
apparently generous, represented a really severe 
cut. Clothing has been rationed moderately, 
but market shortages often intensified the ration 
scale. This has applied also to many unrationed 
food lines — tinn ed fruits, fish, and so on — 
unrationed only because there was usually none 
to ration. 

One of the greatest achievements in war pro- 
duction was that of the woollen manufacturers 
and clothing and boot-making trades. They 
equipped the New Zealand Divisions, Air Force 
and Naval men, also the women’s services, and 
supplied in addition substantial quantities of 
goods for allied nations. New Zealand battle- 
dress has been, pronounced one of the best-wearing 
uniforms in the world and manufacturers quote 
with pride that Field-Marshal Montgomery has 
worn it. Clothing has been sent to Allied forces 
in India, the United Kingdom, and other coun- 
tries. The yearly output of these industries was 
almost doubled during the war period by calling 
back married and retired workers and installing 
locally made machines. In boots and shoes a 
50 per cent, increase in production has given the 
Dominion sufficient for her own troops and also 
over £1,000,000 worth sent to the Eastern Group. 
Output figures for the services include ; — ^Boots 
and shoes, over 3,000,000 pairs ; jackets, trousers, 
and greatcoats, over 3,700,000 garments ; 
blankets, 900,000 pairs. 

Most difficult was the establishment of arms 
and munitions manufacture. New Zealand had 
an efficient small arms ammunition plant (since 
duplicated and responsible for the production of 
about 250,000,000 rounds) but she had little else. 
Mr. Sullivan, Minister of Supply and Munitions, 
went to Australia to see what could be bought or 
borrowed there. He found Australia most willing 
to help, but with an even more urgent need of 
her own to meet. “ We must see what we can 
make for ourselves,’* he said. 


The resources of railway workshops, motor 
assembly plants, and other engineering works 
were surveyed. The country was combed for 
lathes and odd bits of plant. Then, a stock of 
gauges having been built up, a system of pre- 
cision measurement was designed to bring into 
the task small workshops, motor repair shops, 
and other plants throughout New Zealand, some 
even in the foothills of the Southern Alps. 
Grenades, fuses, and mortar bombs were made in 
this way. Small shops divided the task of making 
the hundreds of parts for assembly at central 
plants. 

Machinery had to be adapted or improvised ; 
material diverted from other uses, or obtained 
from scrap. It was really beating ploughshares 
into swords. Everybody helped. Jewellers and 
watchmakers and the university physics labora- 
tories made fine instruments that could not be 
imported. Telegraph department and radio 
mechanics designed a new type of field wireless 
set, to stand the shocks of war use, and found it 
so highly esteemed that an order came from India. 
Later the set was to prove a model for an improved 
British design. 

When Admiral Halsey’s ships came to the 
Pacific there was an urgent call for radar before 
it could be supplied from America. New 
Zealand supplied installations and technieians to 
be trained in their use. 

Again at the request of the Pacific forces our 
chemists developed a flame-throwing compound 
in substitution for the service compound that 
could not be got quickly from America. 

The spirit was that of always being willing to 
try. Major-General Pakenham Walsh, Con- 
troller General of Army Provisions in the Eastern 
Group Supply Council, summed it up in saying : 
“ We have turned to New Zealand when we have 
been in a really tight spot and she has put up 
quite a notable performance.” New Zealand even 
helped fill a gap revealed by the Ardennes push — 
a shortage of shell fuses. 

Difficulties were many and varied. When 3in. 
mortars were first made material could not be 
procured from oversea. Worn axles from loco- 
motives were treated, turned and bored, and 
passed all tests. Sometimes blue-prints could not 
be obtained. While waiting for drawings and 
specifications of universal carriers and Bren gun 
carriers, the Munitions Department secured an 
old carrier and the engineers made their own 
drawings. The proprietor of one remote garage 
workshop thought he would be late with his 
quota of mortar barrels because a milling machine 
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a talent at improvisation which surprised them- 
selves as much as it served the country. 
Coordination of production was assisted by a 
control of man-power so rigid that it amounted 
almost to the conscription of labour. Artisans 
could be ordered to work at specified jobs, and 
could not change their employment without leave 
from the Controller of Man-power. Shortage of 
skilled labour was made up by the employment 
of women and by the rapid training of young 
men both for industrial work and for the army 
technical services. This training has proved one 
of the most valuable lessons of the industrial emer- 
gency caused by the war. It has shown that 
suitable young men can be trained to reasonably 
high efficiency in a few months in trades where 
the normal apprenticeship period runs into 
years. This system will be continued in the 
Government’s present drive to repair the country’s 
.'desperate shortaige "of housing. Whether it will 
survive in other trades, or in the building trade 
survive the housing emergency, it is impossible 
ter predict. The trade unions have a strong vested 
interest in the apprenticeship system. 

Owing to the political divisions of the country, 
as well as the presence of several mfilions of 
Africans, most of them illiterate, there was little 
direct rationing. Petrol, tyres, arid motor 
.vehicles were rationed ‘directly. ‘Raw materials 
were rigidly controlled. Foods like butter and- 
tea were bulk rationed by the device of allowing * 
tradesmen varying quotas of their average pre-war 
sales^ New electric refrigerators, stoves, garden 
hose," and so on were unobtainable.. Clothing 
wa^ unratibned but dear.' The 'Government has 
consistently declared that the benefits of rationing 
food and clothes would ber offset by the difficul- 
ties created by odr mixed population.. 

Now that the worst' of the emergency , is over 
South Africa is satisfied that her engineers and 
factories have performed a miracle qf production. 
Some of this production would have been im- 
eco'nomic .in normal times, but skills h^e been 
learnt and ambitions, created which' will result 
in the maintenance of a high level of production 
in the future.- But this development .should not 
impair the prospects of British exports to the 
Union. Increased South African production 
after the war of 1914-18 was accompanied by 
increased imports from Britain ; and the present 
hunger of the country for commodities of all 
kinds, whether produced locally or not, is such 
that for a time at least persuasion will be an 
unnecessary component of salesmanship. 
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NORTHERN IRELAND’S 
WAR EFFORT 

Northern Ireland’s contribution to the war 
effort of the United Kingdom comes under two 
main headings. The first was strategic. The 
denial of the naval bases in southern Ireland and 
Lough Swilly in Donegal was a crippling handi- 
cap to the forces engaged in keeping open the 
Atlantic routes, but Northern Ireland prevented 
it from becoming disastrous. It became the- 
advanced base covering the 'Western Approaches, 
but for which it is doubtful whether the enemy 
could not have made the Clyde and Mersey ports 
virtually unusable. 

The second contribution came from the basic 
industries of the country or their developments 
under the stress of war ; agriculture, shipbuilding, 
textiles (with their concomitant of shirtmaking), 
rope, tobacco manufacture, and machinery. 
These industries are relatively few, but specializa- 
tion made them among the most important of 
their kind. For instance, the bulk of all the shirts 
worn in the services and by civilians came from 
round about Londonderry. Extraordinary adapt- 
ations were made in the linen mills, which 
became the chief providers of tentage. The 
story could be greatly extended. 

Sir Basil Brooke, Prime Minister of Northern 
Ireland, gave details of the province’s war effort 
in the House of Commons on July 24, 1945 . 
Figures he quoted included : — 

Agriculture. — ^The province sent £3,000,000 worth 
of fat sheep and cattle to Britain annually during, the 
war and provided 20 per cent, of her home produced 
eggs. 

Shipbuilding. — Belfast constructed 140 warships 
and 123 merchant vessels. The merchant shipping 
represented approximately 600,000 tons, or 10 per 
cent, of the total merchant building of the United 
Kingdom. 

Armaments. — For the Army, Northern Irela''nd 
produced nearly 500 tanks and over 500 guns, 14,000 
gun-barrels and other gun parts, 42,000 carbine 
machine-guns, and approximately 75,000,000 shells. 

Aircraft. — ^The province had constructed 1,500 
heavy bombers and carried out repairs to approxi- 
mately 3,000 heavy, medium, and light aircraft. 

Textiles. — Over 2,000,000 yards of cloth for the 
services had been woven and over 30,000,000 shirts 
made. Belfast ropeworks had produced 250,000 tons 
of rope, 500,000 camouflage and cargo nets, and 
tens of millions of yards of twine and whipcord. 
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South Africa contributed very heavily towards 
the arming of her own troops in North Africa 
and the Western Desert through her production 
of two-pounder — and later six-pounder — anti- 
tank guns, howitzers, armoured fighting vehicles 
(on imported chassis), mortars and mortar bombs, 
aerial bombs, and ammunition. Towards the end 
of 1941, when things were decidedly “ sticky ” in 
the Western Desert, a special appeal was made to 
South Africa for mechanics to repair tanks, and 
the required number was sent off within 48 hours. 
Later the Union itself became the repair shop of 
the Middle East, turning out big stocks of spare 
parts for vehicles, tanks, guns, and planes, and 
undertaking emergency repairs on small but 
important parts flown from Egypt. These pro- 
ductions and repairs helped to ease the strain on 
allied shipping, which until the fall of Tunisia was 
forced to use the Cape route. Throughout that 
period repairs were constantly being made to 
allied ships in South African ports. It was 
recently disclosed that more than 12,000 ships 
received minor or major repairs here. 

Later, when the restored freedom of the 
Mediterranean reduced the importance to the 
Middle East of South African production, it was 
possible to supplement the production of Indian 
factories to the eventual discomfiture of the 
Japanese in Burma. In 1944 South Africa 
was asked to supply howitzers and mortars^ 
with ammunition, to the Indian theatre, as 
well as large quantities of 25-pounder am- 


munition. These supplies, at a time when 
Britain’s domestic production was needed in 
Europe, and Australian in the South-West Pacific, 
were a useful contribution to the Fourteenth 
Army’s equipment. 

According to the latest figures, issued towards 
the end of 1944, the Union’s war deliveries had 
included more than 50,000 tons of shells and shell- 
cases, more than 28,000 tons of mortar bombs, 
grenades, and land-mines, almost 20,000 tons of 
small arms ammunition, more than 70,000 tons 
of high-explosive bombs (including 1 ,000- 
pounders), more than 6,000,000 pairs of Army 
boots, more than 4,500,000 blankets, and more 
than 14,000,000 items of personal equipment 
and clothing. The output of explosives was 
one of South Africa’s “ best achievements.” 

This achievement was made possible by the 
centralization of orders for war supplies in the 
hands of the Director of War Supplies, Dr. H. J. 
van der Bijl, head of Iscor. His office coordinated 
both requisitioning and the dispersal of produc- 
tion throughout the many small factories in the 
country. South Africa had little experience in 
arms production at the outbreak of war, and had 
to use talent where she could find it. Iscor, the 
South African Railways workshops, and the 
workshops of the goldmines provided a founda- 
tion for the heavier work, but small parts were 
made wherever there were machines ; and where 
there were no machines they had to be improvised. 
•Fortunately, South African engineers displayed 


Women assembling hand 
grenades in a South African 
factory. The output of explo- 
sives was one of the Union’s most 
useful contributions to the war 
effort. 
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FOOD AND RAW 
MATERIALS FROM 
THE COLONIES 

T he British colonies are agricultural com- 
munities whose peace-time economy was 
based on the production of crops ibr the 
export market. The war thus exposed them to a 
double strain. The interruption of communica- 
tions and the shortage of shipping compelled 
them to grow subsistence crops to replace food- 
stuflFs previously imported ; and their export pro- 
duction 'was restricted or diverted to crops which 
had a value for war purposes, the new and urgent 
demand leading sometimes to the intensification 
of previous agricultural practice and sometimes 
to the development of fresh branches of culture. 

The far-reaching character of the adjustments 
involved is illustrated by the experience of 
Ceylon. After the Japanese conquest of Burma, 
Ceylon set out to make herself as independent as 
possible of rice imports. By August, 1943, 
450,000 acres of land were brought under culti- 
vation, principally with rice — an expansion which 
involved irrigation works on a large scale-^and 
by 1944 there were three Government rice mills, 
the. largest of which produced about 25,000 
bushels a month. By this effort Ceylon was able 
to produce enough rice to meet half her normal 
domestic rice requirements. Supplementary food- 


Coolies on a tea estate in Ceylon 
emptying their baskets of leaves 
after picking. The whole of 
Ceylon’s exportable surplus of 
tea was bought by the British 
Ministry of Food and allocated 
by the Combined Food Board. 

\ . 


stuff production included the production of 
yams, cereals, beans, fruits, sugar, ginger, chillies, 
onions, and tumeric. Local fisheries were also 
developed. 

The principal Ceylonese export was tea, and 
after the loss of the Netherlands East Indies in 
1942 the whole of the colony’s exportable surplus 
was bought by the British Ministry of Food 
and allocated by the Combined Food Board. 
After tea, coconuts were in peace-time the most 
important of Ceylon’s agricultural products. 
The war brought developments of the processing 
industries dependent upon this crop, such as 
copra, coconut oil, desiccated coconut, and coii. 
Cinnamon and plumbago, being used in the , 
manufacture of munitions, were also in increased 
demand, but the chief call was on the island’s 
rubber supplies which, after the fall of Malaya, 
Became of crucial importance to the United 
Nations. At the beginning of the war Ceylon 
was producing about 7 per cent, of the world’s 
rubber. After the loss of the Far Eastern sources 
of rubber supplies' to Japan eTery effort, was 
made to increase prqduction to the maximum, to 
the extent of “ slaughter tapping ’’—tapping the 
rubber trees so intensively as to exhaust the trees 
within two years. As a result records in rubber 
production were achieved in -1942 and 1943. 

All this expansion of agiicultural actiyit’es 
would in normal times ' have involved the im- 
portation of considerable quantities of agricul-, 
tural machinery, but war conditions - drove 
Ceylon back on her own pot^tial resources and 
the war years consequently. saw a notable develop- 
ment of secondary industries. A steel rolling 
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Picking pyrethrum flowers in 
Kenya Colony. ' An essential 
Insecticide is made from them 
and large consignments of seeds 
were supplied by Kenya during 
the war. Bel ore the war Japan 
was the leading producer. 


In East Africa the dehydration plants at 
Kerugoya and Karatina in Kenya employed 
5,000 Africans, previously unskilled, who had 
been trained to handle complicated machinery, 
and bou^t vegetables from nearly 10,000 African 
farmers, many of whom had to be taught to 
cultivate unfamiliar plants. Kenya introduced 
flax growing and had 32 processing factories in 
operation by the end of 1940. Uganda helped to 
meet the needs of troops, prisoners of war, and 
refugees by exporting maize, bananas, and live- 
stock to the neighbouring colonies and received 
the thanks of the United States Board of Econo- 
mic Welfare for its increased production of tanta- 
lite and columbite. 

Tanganyika inoculated over 4,500,000 head of 
cattle against rinderpest, built up its total of 
livestock to over 6,000,000, sold 100,000 head to 
a factory in Kenya which, was supplying food to 
the forces in the Middle East, and increased its 
export of tanned leather fourteenfold in four 
years. After the loss of the Philippines had 
deprived the Allies of manila hemp East Africa 
grew sisal for ropes and twines, particularly 
binder twme, and the Kenya and Uganda rail- 
ways gave further variety to the list of East 
African products by building lorries, ambulances, 
armoured cars, petrol tanks, and wagons, trench 
mortars, and land mines. 

Africa was an important source of metals. 
When the demand was at its height the Northern 
Rhodesian mines worked a 24-hour day in order 
to meet copper requirements. The' Gold Coast 


was given, and attained a target of 1,000,000 tons 
of manganese for 1944, as against 700,000 tons 
two years earlier, and in the same year was called 
on to produce 400,000 tons of bauxite, as against 
180,000 tons in 1943 and 70,000 in 1942. In the 
previous year deposits of bauxite were opened 
up at a site 60 miles from the railhead at Dunkwa, 
which is itself 120 miles from the port of Takoradi. 
Production and transport involved the building 
of roads, railways, bridges, viaducts, and ihe 
cutting of roadways through the bush before 
complete surveys could be made, and the extensive 
development of port installations and ’dumping 
sites. It meant also the scouring of West Africa 
for mining and excavating equipment, rolling 
stock of all kinds and, of course, the enrolment 
of a great volume of African labour. 

When demand began to exceed the capacity 
of transport from the first mine, a second mine, 
capable of producing half of the total required for 
1944, was opened at a point three miles from the 
Accra-Kumasi railway, to which the material 
was conveyed by ropeway. By such imaginative 
improvisations as these the war was won. 

The production of finished goods was naturally 
on a more limited scale. In the earlier phase of 
the war a Ministry of Supply mission had found 
in Hong-kong capacity for the manufacture of 
heavy presses, minesweepers, Diesel truck engines, 
scientific instruments, hospital equipment, 
optical glass to a total of 4,000 binoculars 
a month, telephone sets, and barbed wire. The 
tragic loss of the colony cut off these important 
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supplies, and in tlic later stages of the war 
Palestine came into the foreground for the output 
of industrial products. In the three years 1939- 
1942 the number of industrial establishments 
rose from 1,217 to 3,470, and the number of 
persons employed in them from 20,000 to nearly 
50,000. Tliere was further expansion in sub- 
sequent years, and tlie orders placed, often 
running into hundreds of thousands of units, 
covered stoves, pumps, electric cable, glass 
insulators, uniforms, camouflage nets, tarpaulins, 
tents, crockery', bottles, mess-tins, boots, medical 
supplies, concentrated fruit juices, fertilizers, and 
chemicals. 

It must not be supposed that tlic varied 
activities of upwards of 50 territories, occupying 
one twenty-fourth of the earth’s surface, will 


cease with the disappearance of the emergency 
which induced them. The war has raised the 
level of productivity in the Colonics and left 
them better equipped for progress in a world of 
expanding trade. While diminishing their de- 
pendence on imported foodstuffs, it has increased 
their exports, improved their storage facilities and 
marketing organiz^ations, and fostered secondary 
industries. It has taught the need for co- 
operation between the various departments con- 
cerned with aspects of agricultural life and of all 
those departments with the health and education 
authorities. Most significantly of all, it has led to 
the establishment in many colonics of develop- 
ment and planning committees to which peace 
will bring new opportunities for furthering the 
public welfare. 















The mining of bauxite in British Guiana. The output of 
this raw material for aluminium was greatly increased during 
the war years. 




Future of 

ALUMINIUM 


To meet the rnilitnr)’ requirements o£ tlic United Nations, the 
productive capacity of the aluminium industry has been expanded 
to many times its pre-war level. Present capacity is far in excess 
of industrial demand in 1939. .Aluminium ■ Limited, nevertheless, 
believes that it would be unjustifiable defeatism to turn back to 
the pre-war level of production and consumption. Instead, ambitious 
plans and optimism for the future appear justified by the following 
circumstances : 

'Phe advantages of aluminium arc now recognised, as never before, 
in ever}' industrial country. 

I'he technique of using aluminium has not only advanced rapidly, 
but has become familiar to metal workers cvcrj'whcre. 

New alloys of aluminium and new processes have been developed 
which make new properties available. 

The base price of aluminium is lower than before the war. 

In the combination of improved quality, lower cost, and familiarity 
is to be found the classic basis for sound e.\pansion. It is such 
e.xpansion which brings in its wake the enduring prosperity of a 
higher standard of living. 


Aluminium Limited 


DOMINION SQUARE EAST • MONTREAL • CANADA 




Jritish Science, the greatest source of 

[1 progress in the ^vorld’s steel industry 



Charles Schwab, the great American Ironmaster, has said : 
“In the steel industry every great invention had its origin in 
Great Britain.” This inventive capacity has helped to 
maintain British world leadership in the production of high 
quality steels for every purpose. Here you see a scientist 
studying the properties of a steel which later will be 
produced in thousands of tons. 


— And Britain’s steel production is 

now the greatest in her history 


Vhether for war or peace, the most modem 
quipment is used in Britain to produce 
aillions of tons of steel. All of it is tested 
nd re-tested for quality and properties 


before it goes to the waiting world. 
The British Iron and Steel Industry has a 
full-time job on hand at present but is 
glad to be back with old friends again. 
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One of the latest 
tilting furnaces in 
use in a British 
steelworks. This 
furnace has a 
capacity of over 
300 tons. 


;1=rcr 


r. T ^ 




. '<• 

I 


14—2 



The 

VITAL LINK 

Railways are the vital link between factories 
scattered throughout the country and ships 
in port loading British goods manufactured 
for the markets of the world. 

The railways did not fail the Nation or 
armed forces in their war tasks, and in the 
years of peace to come their services and 
equipment will be developed to an even 
higher degree of eflSciency than ever before. 


GWR . LMS 
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British Science, the greatest source of 



progress iu the world’s steel industry 

Charles Schwab, the great American Ironmaster, has said : 
“In the steel industry every great invention had its origin in 
Great Britain.” This inventive capacity has helped to 
maintain British world leadership in the production of high 
quality steels for every purpose. Here you see a scientist 
studying the properties of a steel which later will be 
produced in thousands of tons. 


-And Britain’s steel production is 

no^v^ the greatest in her history 


Whether for war or peace, the most modem 
equipment is used in Britain to produce 
millions of tons of steel. All of it is tested 
and re-tested for quality and properties 


before it goes to the waiting world. 
The British Iron and Steel Industry has a 
full-time job on hand at present but is 
glad to be back with old friends again. 
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One of the latest 
tilting furnaces in 
use in a British 
steelworks. This 
furnace has a 
capacity of over 
300 tons. 
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WINNING THE PEACE 

An epic effort comparable in every way to that which secured final vjctory is 
demanded of industry for civilisation to win the peace. The amazing inventions 
elicited by. the great emergency must now be applied to the complex and urgent 
tasks of reconstruction. 

The Company is proud of its great war contribution in all applications of electricity, 
including the important one of electronics ; and universally enriched as a result of 
the experience gained, goes forth to the tasks of reconstruction. 

THE LARGEST BRITISH ELECTRICAL 
MANUFACTURING ORGANISATION IN THE EMPIRE. 



EQUIPMENT FOR ALL SERVICES including: 
AIRCRAFT CARRIER LIFTS AND HOISTS . . . 
ILLUMINATION. CABLES, INSTRUMENTS . 


. ELECTRIC PROPULSION, TGRAVING, AND FLOATING DOCKS 
. ELECTRONICS, RADIO, RADAR; COMMUNICATIONS ^ 

. . . FACTORY AND MINE ELECTRIFICATION, ETC. ETC.’ 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
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Tube Investments limited 


The companies forming the four 
divisions of Tube Investments Ltd. 
provide a range of products and a 


v/ealth of engineering skills which, day 
in, day out, are being turned to good 
account in the service of industry. 





Steel Tube Division 


Accles and Pollock Limited, 
Oldbury, Birmingham. 

Alma&Cranmore Tube Co. Ltd., 
fVednesbury, Staffs. 

Britannia Tube Company Ltd., 
Glover St., Birmingham, 9. 

Chesterfield Tube Co. Ltd., 
Chesterfield. 

Howell & Company Limited, 
Wincobank, Sheffield. 

Jarrow Tube Works Limited, 
Jarroiv-on-Tyne, Co. Durham. 

National Tube Company Ltd., 
Halesowen, Near Birmingham. 


Perfecta Tube Company Ltd., 
Aston, Birmingham, 6. 

Reynolds Tube Company Ltd., 
Tyseley, Birmingham, 11. 

Richard and Ross Limited, 
Wednesfield, Wolverhampton. 

Talbot - Stead Tube Co. Ltd., 
Walsall. 

Tube Products Limited, 
Oldbury, Birmingham. 

Tube Rolling Mills Limited, 
Wednesfield, Wolverhampton. 

Tubes Limited, 

Rocky Lane, .Aston, B'ham, 6. 

Weldless Steel Tube Co. Ltd., 
Wednesfield, Wolverhampton. 



Aiuminium Division 


Hiduminium (Applications) Limited, 9S, Famham Road, 
Slough, Bucks. 

Hiduminium (British Exports) Limited, S, Buckingham Place, 
Westminster, S.W.l. 

Reynolds Rolling Mills Limited, Hay Hall Works, 
Tyseley, Birmingham, 11, 

Reynolds Tube Company Limited, Hay Hall Works, 
Tyseley, Birmingham, 11, 
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Cycie Division 


Armstrong Cycles Ltd., Sampson 
Road North, Birmingham, 11. 
Brampton Fittings Ltd., 

Broadwell Works, Oldbury, 
Birmingham. 

Norman Cycles Ltd., Beaver 
Road, Ashford, Kent. 

J. A. Phillips & Co. Ltd., 
Credenda Works, Smethwick, 
Birmingham. 

Walton and Brown Ltd., Phoenix 
Works, Downing St.. Hands- 
worth, Birmingham, 21. 
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Associated 

Companies 

Overseas 

British Tube Mills 

(Australia) Pty. Ltd., 
Adelaide, South Australia. 
British Tube Mills 

(South Africa) Pty. Ltd., 
Johannesburg, South Africa. 
Simplex Electric Co. 

(South Africa) Pty. Ltd., 
Johannesburg, South Africa. 
J. A. Phillips & Co. 

(South Africa) Pty. Ltd., 
Johannesburg, South Africa. 
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Ireat Britain, geographical centre of the earth’s land modern transport aircraft in every category of size 
nass, is the logical centre of world air transport .^and performance. Heirs to a matchless tradition 
ndustry. Fresh from triumphs in the design and on the Seven Seas, pioneers of jet propulsion 

production of the War’s outstanding combat planes, and radar, they are meeting — and will meet — every 

3ritish designers and engineers are now perfecting demand of the air age of Today and Tomorrow. 



WOUNCEMENT BY THE SOCIETY OF BRITISH AIRCRAFT CONSTRUCTORS 


■ENGLAND 


LONDON 
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RE-STARTiHG INDUSTRY 


// Onh great job is don^— Vi^ory 

// i \ / 5 V\ 

. i A. . _ / i \\ 


/■:yhas bjeert acKfeved. O/e mord great aX 

///? i i \ \ / / i ^ 


/Xfob ren/air^ : "tp re-starp/ o/r ^rea| peacp^XX-, 

***'- / ^ \ ^ \ 

///timeX industries. '"-•NoW/ tXat tl\e Worl^warXX 

\ / / \ / \ J / /''"% 

// is fmishM. /British Industry will igraqually^and 

'/ / / \/ \ / W 

// thankfullyV/sw/tch back to peacetime prpduq^ion. The’‘X\ 

/ / / \ y / X\ 

u great engir^edngX organisation of M ^ P O L I T A N - }) 
/ h \ / / \ // 

%. VICKERS/ b{-oud^ to have done sp i^uph during the// 

'"X / / \ \ / / ' ^ /^ 

%. war /in/ making Hthe tools t/ ^ish \the\ job,” /X 

% //.. \ \ // \ \ 


’^'%-.will /be prouder ^-ftill to/ produce i'h 

XXi ? \ ^ \ 

W'-. ; '1, \ f / ■. !// 


quantities E f’f c t\ i q/a I / Eq u i pmen 1 1 c 
XX, I \ X/ / I , 

XX|every conceivabJe kin/ to assist in 

'XX constructionJof Xq new world^'' 

. ********** 


\ /// 

1 /// 
w// 

u// 


ELECTRICAIT" — — 

TRAFFORD PARK 


— CO.. LTD. - ^ 

MANCHESTER 17. 


ax/a 307 





What about this 

for EXPORT? 

Many of the lighthouses in the world are 
designed and built hy Chance Brothers — the famous 
English glass-makers and engineers. The 
market for lighthouses is limited, hut there is no 
limit to the skill in glass-making available 
to any customer Avho tv^ants to ■win export markets 
and ■who ^^^ll consult Asdth Chance Brothers. 

Chance Glass 

FOR SCIENCE, INDUSTRY AND THE HOME 

CHANCE BROTHERS LTD. — GLASS-MAKERS SINCE 1824 
HEAD OFFICE AND WORKS : SMETHWICK, BIRMINGHAM 
LONDON OFFICE: 10 PRINCES STREET, WESTMINSTER, S.W.i 
SCOTTISH WORKS : FIRHILL, GLASGOW, N.W. 
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JVRITING 

COMMUNICATIONS 
HISTORY ^ ^ ^ ^ 


F rom the day when a tired voice on the radio pronounced 
England at war, down to the moment which saw the defeat 
of our last enemy, the fateful years have made hea\'y demands 
upon world communications. Standard Telephones and Cables 
Limited, conscious of their trusteeship, have met and overcome 
the challenge of war, with its heavy responsibilities and its legion 
of problems, not the least of these being that of reconciling the 
insistent demand for increased production with rapidly decreas- 
ing staffs. 

Speed was vital. 

With the enemy thundering at our gates we had to plan and 
devise faster, and with greater skill and foresight than ever before. 

We succeeded. Working around the clock — the calendar — 
the world — we saw to it that the national administration, the 
manifold demands of industiy', the forces in the field, were scr\’cd 
to the full.' 

Great as was our effort, for us it was not enough. Through 
all our difficulties there shone, like a homing beacon, the day 
when we should be able to apply all that had been learned under 
the stress of war to the more normal needs of mankind. 

— and so into peace. 

Standard Telephones and Cables Limited now turns its vast 
resources to the requirements of a new industrial era and is ready 
to devote its wide experience to the peaceful needs of humanity, 
to create a standard in tele-communications that has never before 
been achieved : to develop new techniques and new efficiencies 
and, before the everlasting shrine of world peace, to draw the 
ends of the earth more closely together. 


Stattdard Tekphoms and Cabks Limit-cd 

CONNAUGHT HOUSE. ALDWYCH. LONDON. W.C.2 
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Asbestos 


Specialists in Applied 

Asbestos, “miracle among minerals,” wrought wonders in and for 
Britain during the years of supreme trial and effort, wrought 
^v onders on the seas, in the air. in North Africa, in Italy, on the 
beaches of Normandy and in the heart of the enemy’s country. 
The full dramatic story includes giant partitioning curtains for 
aircraft-carriers, asbestos hose for planes and aerodromes, fire 
protection and insulation of fighting vehicles and aircraft cabin- 
heating systems, dyed asbestos cloth canopies for tanker-Hfeb oats, 
high-pressure oil jointing for “ Fido,” packing for gun-mountings, 
asbestos suits and armour for fire-fighting. The thousand and 
one problems swiftly solved in engineering works with the aid of 
asbestos enhanced and expedited British efficiency and prowess. 
The liberation of Etirope was speeded. 

Having evolved now products in hours of emergency, we are now 
engaged with all our might, skill and knowledge in making ready 
to assist the work of reconstruction and rehabihtation everywhere. 
As scientific speciahsts in applied asbestos we have seventy years’ 
experience to call upon. The outstanding quahties of asbestos, 
resistance to heat, to acids, to alkalies and in particular an 
amazing flexibihty, are of moment to industry. 

Correspondence is invited directly with ourselves, through our 
accredited foreign and colonial agents, through our subsidiary 
companies in the Dominions. 

Engineers of every nationality can put their problems and 
ideas before us and be assured in advance of full co-operation 

and service. 

BELL’S ASBESTOS AND ENGINEERING LIMITED 

SLOUGH, BUCKS " ENGLAND 

24 Branches (including 10 in the Dominions) 

Agencies throughout the World 
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I nr' ^®"' ,y®^’‘s have 

I imposed many trials and 
upon industry. Rapid 
tr^i^sition from 'peace to war 
/Xr /^il/ln production and sudden demands 

/ & II \ j /T due to emergency have called for 

I K \f/// highest skill and resource. 

Mere improvisation would have 
been unavailing. Experience 
reaching far back into pre-war years was necessary to 
meet the new conditions. Bowrans were fortunate in 
possessing both the necessary experience and knowledge. 
For years their technicians had made a careful study of 
corrosion and kindred problems. 

NEW AND VARIED DEMANDS 




PROBLEMS FOR THE CHEMICAL 
ENGINEER 

In addition to supplying anti-corrosives, Bowrans were 
called upon to solve many problems in their capacity 
as Chemical Engineers, rather than solely as paint 
manufacturers. For instance, they devised special 
compounds for the protection of cable drums against 
bacteria and moisture. When the degaussing method 
was adopted to counter the magnetic mine, Bowrans 
produced the compound required to protect the wire 
against damage and corrosion, and indeed delivered 
large quantities. Then again, shortage of timber for 
ships’ decking called for plastic deck sheathing, while 
air attacks at sea demanded plastic “armour” to protect 
the crews. Bowrans solved this difficulty also, and 
suitable material was supplied to many hundreds of 
ships. 

TECHNICAL ENTERPRISE 

As demands increased, output rose to tonnages amount- 
ing to many times pre-war totals, and while statisics of 
output may not convey much in these days of astro- 
nomical figures, the expansion in quantity, apart from 
the new varieties of products, indicates an achievement 
in which Bowrans take pride. Enterprise in technical 


In this sense they were well equipped to meet the 
emergency, but the change-over demanded by war 
conditions at the outset produced many problems. 
One example of this was a request, without warning, 
for an extremely large order for camouflage paint to 
be completed within a week. Half the request was 
promised and duly fulfilled ; and in the four years that 
followed millions of gallons were manufactured and 
delivered. The Bailey and Inglis bridges, which proved 
so essential to our rapid advance in Europe, had to be 
treated vrith special paints. Bowrans mid^bronze green 
was selected for this purpose, many thousands of gallons 
being employed. 


matters has always been a characteristic of Bowrans. 
.During. the .war these activities have been intensified due 
to emergency, adding greatly to an experience which 
was already comprehensive. The continuance of 
research work will result in a definite benefit to their 
friends at home and overseas, now and in the future. 


ROBERT BOWRAN & Co. Ltd. 

PELAW, GATESHEAD, 10, ENGLAND 

Tel. : FELLING 82296/7 




The Creative Spark. On this depends the future progress 

of the world. In the field of electricity it has inspired the 
production of efficient and economical equipment — to 
A.C., p.C, benefit of mankind. 


A.C., p.C., 
Auto-Synchronous and 
Fractional H.P. Motors 
Generators 
Alternators 
Switchgear 
Transformers 
Instruments 
Meters • Cables 
Traction Equipment 
Electric Vehicles 
Electric Trucks 
Batteries • Lamps 
Lighting Equipment 


Crompton Parkinson will maintain their leadership and 
continue to make their contribution to progress as they have 
done since the earliest days of the electrical industry. 



CRomPfon^PHRKinson 


ELECTRICAL EQUIPMENT 


CROMPTON PARKINSON LIMITED 

LONDON OFFICE; Electra House, Victoria Embankment, W.C.2 

There arc Crompton Parkinson and associated factories throughout the British Empire 
and Branches and Agents in most of the principal countries of the world. 
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THE GOLDEN ARROW SERVICE 

Providing power for the Goiden Arrow Wireless Stations was one of the many woys in which Lister engines served the 
nation In war. After the invasion of North Africa and during the invasion of France and Germany war reports were 
transmitted all over the world by Golden Arrow Wireless Stations. A Golden Arrow Wireless Station provided the 

Berlin link to London during the Three Power Conference. 

WAR CONTRIBUTION 

During the war Listers contributed to the war effort 

100,000 Engines (totalling over 1,000,000 h.p.) 

20.000 Generating Sets from 3{- to 24 k.w. 

6,000 Marine engines and auxiliaries 

10.000 Auto Trucks 
Over two-million Shells 

Over half-a-million key aircraft and other components 

and, to increase butter fat and food production, over 25,000 cream separators and 
'28,000 tractor ploughs. 

The vast manufacturing resources which made these supplies possible are now being 
converted to meet the requirements of our customers in all parts of the world, and . 
it will not be long before we are able once more to offer that service [which in 
^•happier days made the names of Lister and Dursley a symbol of efiRciency. ' 





AYON 


A CARDINAL FACTOR IN RAISING 
STANDARDS OF LIFE THROUGHOUT 

THE WORLD 


D uring the first forty-five 
years of the present century, 
rayon has given abundant proof of 
its ability to establish a higher 
standard of living for many millions 
of people. 

To-day, when the whole world in 
general, and the European Continent 
in particular, is experiencing a serious 
shortage of the older textiles, rayon 
will undoubtedly be the means of 
alleviating the situation. 

Paradoxically, in the midst of war 
tremendous advances are achieved 
in the pursuits of peace. This is 
noticeably true of the rayon industry, 
as will be realised when the time 
comes to place the result of war-time 
research at the disposal of the civilian 
market. Courtaulds, as the largest 
manufacturers of rayon yarns in 


Great Britain, can with justice claim 
a share in the development of new 
uses for rayon. 

There will be rayon carpets for post- 
war homes. Rayon sheets, towels, 
and table cloths are setting a new 
standard in household furnishings. 
Spun rayon yarns, either alone or 
blended with wool and other fibres, 
produce cloths of exellent quality for 
suits, coats, and other items of 
personal attire. Rayon cord carcases 
for tyres have proved to be superior 
in strength and durability on all the 
battlefields of the world. 

Courtaulds Limited believe in the 
vast potentialities of rayon, not only 
as a textile of immense and varied 
usefulness, but also as a new force in 
raising the standard of living for 
the many. 



TUB GREATEST NAME IN RAYON 


ISSUED BY COURTAULDS LIMITED, 16 ST. MARTIN’S LE GRAND, LONDON, E.C.L 



WAR WntRT 




rV,"> 


'i:'- v j: 

'"%t 


Nearly 2,500,000 / WW/Mff 
; 5 ‘.> ( 2 i millions) of the / ' ■»■ 

-‘•mall arms up to 20 mm. / M A /#ll 

calibre manufactured for the / mjfm JW 

produced by B.S.A. / m M-/ B# w A# 

Among these weapons were : — / -:::; 

Besa Machine Guns for Tanks. / 

Browning Guns fitted to Fighter Aircraft which / ^ ^ 

won the Battle of Britain. 

Hispano 20 mm. Cannon for Aircraft. / , 

Ocriikon 20 mm. Cannon for the / 

Service Rifles, and many other muni- z' ^ 

dons of war too numerous to detail, / \=:/ 

from Fuses to Gun Oirriages. / 

Out of 400,000 Motor Cycles / 
supplied to British Forces by the / 

British Motor Cycle Industr}’, / Widi tlie completion of war commitments B.S.A. is able to 

115,000 were produced by / s^yj^ch vast resources to die produedon of an ever increasing 

^if "^ T 7 m* ■«* I / Bicycles and Motor Cycles for the export and home 

j ^ / markets. B.S.A. post-war Bicycles will lead the way in design, 

dropped by air on D / ^ ^ u r- , j 

Day ^di our Parachute / appearance, lightness and comfort, embodying a number of advanced 

Troops were dc- / features exclusive to B.S.A. 

signed and manu- / B.S.A. post-war Motor Cycles arc the result of unparalleled wartime 
factored by / experience and of the ingenuity of B.S.A. designers who are practical riders, 
B.S.A. / backed by comprehensive research facilities. 
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LEADERS in CYCLE and 
MOTORCYCLE VALVE- 



B.S.A.' CYCLES LTD., BIRMINGHAM, 11. 
2 - 0 ' 


The story of Cement -in-the-War is a proud one. For defence ? 
Tank-traps, fortifications, secret control rooms ... For the ofi’ensive ? 
The building of factories that made our munitions ; runways for 
the great bombers ; much of the glorious ‘ Mulberry ” itself . . . 

Cement-for-concrete needed no ‘ shadow ’ works, no improvisa- 
tions, no new plant. The Industry’s pre-war poUcy (shown below in 
graphic form) prepared its outstanding war history. 
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WAGE INCREASES 

The graph shows wage increases, which 
Were introduced when wages in other 
industries were still falling sharply. 
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PLANT 

In the five years before the war obsolete 
plant (125,000 tons) was scrapped in 
favour of new plant (2,250,000 tons) with 
many times its capacity. 


(cement^ 


ISSUED BY THE 


CEMENT MAKERS’ FEDERATION 
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Nearly 2,500,00 
( 2 |- millions) of the 
small arms up to 20 
calibre manufactured for 
war were produced by B.S.^ 

Among these weapons were ; — 

Besa Machine Guns for Tanks. 

Browning Guns fitted to Fighter Aircraft which 
won the Battle of Britain. ^ 

Hispano 20 mm. Cannon for Aircraft. 

Oerlikon 20 mm. Cannon for the / 

Admiralty. / 

Service Rifles, and many other muni- / 
tions of war too numerous to detail, / 
from Fuses to Gun Carriages. / 

Out of 400,000 Motor Cycles / 
supplied to British Forces by the / 

British Motor Cycle Industry, / With the completion of war commitments B.S.A. is able to 
115,000 were produced by / g^jtch vast resources to the production of an ever increasing 
Th F Id’ B' 1 / Bicycles and Motor Cycles for the export and home 

dropped” by”air ou^d” / B.S.A. post-war Bicycles will lead the way in design. 

Day with our Parachute / appearance, lightness and comfort, embodying a number of advanced 
Troops were de- / features exclusive to B.S.A. 

signed and manu- / B.S.A. post-war Motor Cycles are the result of unparalleled wartime 
factured by / experience and of the ingenuity of B.S.A. designers who are practical riders, 
B.S.A. / backed by comprehensive research facilities. 
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“GACO” SEALS AND GLANDS 

In “ Pluto,” the most famous of all pipe>lines, the most vital 
part was the section which crossed the English Chahnel. On 
the efficiency of this part depended the success of the whole 
achievement. It required a pipe-line, with flexible joints to 
allow for currents and tidal movements, yet capable of preven- 
ting both the ingress of sea water and the leakage of petrol at 
high pressure. "GACO” seals and joint glands were chosen 
after much experiment, during which the oil seals and glands 
were subjected to a test pressure of 3,000 lbs. to the square inch. 
Their success in operation is now a matter of engineering history. 

SYNTHETIC ^0^ RUBBER 


Our staff of quali- 
fied technical 
specialists is at 
your service. Con- 
sult us and we will 
solve your sealing 
problems. 


GEORGE ANGUS & CO., LTD. 

FLUID SEALING ENGINEERS 

OIL SEAL WORKS, NEWCASTLE UPON TYNE 
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CERAMICS 


on Active Service 



jpROM the outset of the war, great demands were made on 
the Royal Doulton Potteries. Except for supplying minimum 
civilian needs, the whole of our , manufacturing resources, in six 
large Works, have been concentrated since 1939 on producing 
materials which, directly or indirectly, were vital to the success- 
ful issue of the war. 

tell the full story of problems solved and difficulties over- 
come is not possible here ; it will form the subject of a 
special brochure now being prepared. Meanwhile, the following 
brief details may serve to indicate the scope of our contribution 
to the general effort. 


CHEMICAL STONEWARE 

^ Its resistance to corrosion, freedom from 
contamination and flexibility of design have 
made Doulton Chemical Stoneware indis- 
■* pensable in many fields and it has played 
an important part in the manufacture of 
explosives, acids, chemicals, foodstuffs and 
a wide range of other products, including 
M. & B. drugs, Klepacrine, Penicillin, 
. D.D.T., Anti-gas Ointment and 
Ansesthetics. 

LABORATORY PORCELAIN 

Without assured supplies of Laboratory 
Porcelain, scientific research would have 
' been gravely impeded. Far-reaching war- 
time developments in explosives, chemicals, 
metallurgy, photography, plastics, medi- 
cine and food preservation owed much to 
the availability of this material, in the 
manufacture of which the Royal Doulton 
Potteries were pioneers. 

MAINTAINING EXPORTS 

Besides satisfying requirements at Home, 
vast quantities of insulators, chemical 
ware and other products had to be shipped 
Overseas to meet special war needs. Ex- 
ports of tableware also helped to provide 
valuable foreign exchange for the purchase 
of essential imports. 


ELECTRICAL INSULATORS 

For maintaining communications by wire- 
less,cable and telephone; for radiolocation; 
and for distributing current to factories, 
docks, offices and homes — as well as to 
electric railways and other services — we 
supplied millions of insulators of varied 
shapes and sizes, many designed in our 
own drawing offices, 

SANITARY FITTINGS, ETC. 

Domestic demands practically ceased but 
there was an immense output needed in 
the construction of factories, aerodromes, 
camps, canteens, hostels, hospitals, and 
similar buildings, go per cent, of our total 
production of sanitary fireclay and stone- 
ware drainpipes was concentrated on re- 
quirements connected with the prosecution 
of the war and also bomb-damage repairs. 

ENGINEERING ACTIVITIES 

Despite heavy demands on our Engineer- 
ing Shops for maintaining plant and 
assembling fitted wares, nearly i,ooo 
orders for machine work were undertaken 
to assist important Engineering Firms to 
cope with the demand for gun-moimtings, 
gun-carriage gear, shell plant tools and 
forgings. 


I MPORTANT developments in raw materials, glazes and methods 
of making and firing will influence post-war production and further 
enhance the wide-world reputation which Royal Doulton products 
have attained, during the past 130 years, alike in the spheres of art 
and industry. 


DOULTON & CO. Limited 

Head Office : DOULTON HOUSE • LAMBETH • LONDON, S.E.I 
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“GACO” SEALS AND GLANDS 

In “ Pluto,” the most famous of all pipe-lines, the most vital 
part was the section which crossed the English Chahnel. On 
the efficiency of this part depended the success of the whole 
achievement. It required a pipe-line, with flexible joints to 
allow for currents and tidal movements, yet capable of preven- 
ting both the ingress of sea water and the leakage of petrol at 
high pressure. "GACO” seals and joint glands were chosen 
after much experiment, during which the oil seals and glands 
were subjected to a test pressure of 3,000 lbs. to the square inch. 
Their success in operation is now a matter of engineering history. 

SYNTH ETIC rubber 

GEORGE ANGUS & CO., LTD. 

FLUID SEALING ENGINEERS 

OIL SEAL WORKS, NEWCASTLE UPON TYNE 
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inm Alloys 



Wrought Form 




The HIDUMINIUM scries of light alloys in all cast j 
and wought forms is manufactured by _ \ 


HIGH DTUTX t T » 

REYNOLDS TUBE CO:' t;TD. 

REIIVOEBS ROEEUVG 1UIEE8 ETD- 

In order to secure the best use of Hidummium lights 
alloys the accumulated technical kno^vledge and practicab^ 
experience of this important group of companies is available 
to all fabricators through 

RIDUMEVIUM APPEICATIO]\S ETD „ 


Fabricators, designers and constructors ^overseas may 
obtain further information hy sending their inquiries to 


IIIDUMIlVIUIfl EXPORTS) ETD 


5 BUCKINGHAM PLACE, LONDON, S.W.l, ENGLAND 


HIDUMINIUM 


'i 

f 

s 
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GROUP OF COMPANIES 

GEORGE COHEN, SONS & COMPANY LTD. ★ K & L STEELFOUNDERS AND 
ENGINEERS LTD. ★ T. C. JONES & COMPANY LTD. * BROWETT 
LINDLEY LTD. ★ METALCLAD LTD. * THE SELSON MACHINE TOOL 
COMPANY LTD. * THE NEW LONDON ELEQRON WORKS LTD. ★ POLLOCK 
BROWN & COMPANY LTD. ★ WESTBOURNE PARK COAL AND IRON 
COMPANY LTD. ★ SOUTHALL & HAYES COAL AND IRON COMPANY LTD 


A Slalemenl o f PRODUCTION FOR WAR 

The followlnj; dsta of our Comp:inlci' W.^r Effort nrc by no means exhaustive since lack of space 
prevents comprehensible description of many of our Manufactures and Products — but the quantities 
and particulars cited may not seem unv^orthy of record:— 


★ Manufactures : 

AMMUNITION, WARLIKE STORES, etc. 

AERIAL BOMDS hr rillmj;— 4,0«) lb.. I.WIb. I, COO lb.. SOO lb. and 2S0 lb. 

Smillfr Acfijl Bofnbj - - . . 

AERIAL BOMB COMPONENTS 

SHELL for f illinj— 6*, S 5*. 4.5', 95 rn m., 25 pdr.. 17 pdr.. 6 pdr., etc. 
TRENCH MORTAR BOMBS hr F.ll.nj— 1 5' and 3' ~ - 

ROCKETS —Major Componfntt . _ - - . _ 

PARAVANES 

flail EQUIPMENT for TANKS — OcKcIoped. Manufactured and Fitted- 

BAfLEY BRIDGE PANELS — Complete witb Componenta - . - 

BRIDGING CRIBS 

INGLIS BRIDGES — ^.Complete with Launchlnj Gear- - . _ 

AIRCRAFT WORK 

NACELLES 

WING DETAILS-Seti 

ENGINE MOUNTINGS 

HYDRAULIC UNITS for Retractable V/heelj - - - 


490.000 

2.400.000 
Over 3,000,000 

4.500.000 

570.000 
over 2,250,000 

060 

Several Hundred Sets 
15,500 
4,000 
200 


4,000 
1,250 
M-nny Hundred 


- Ten* of Thousands 


PLANT, MACHINERY, STEEL CASTINGS, etc. 

•JONES' MOBILE CRANES 1,500 

•JONES* TRENCH CRANES 400 

PETROL ENGINES 5,500 

STEAM ENGINES & AIR COMPRESSORS, up to 5.000 cu. ft. per minute - - - 425 

STEEL CASTINGS for Tanka, Dridjea, Gun Mountinja, etc. . . _ - _ 52,000 tons 


FIVE COMPLETE PLANTS for ELECTRIC POWER STATIONS— Sent to Russia 


CONSTRUCTIONAL & CIVIL ENGINEERING WORK 

AEROPLANE HANGARS - - - - - - - - - 450 

CONCRETE REINFORCING BARS - - ’ - - - - - Thousands of Tons 

STEEL-MESH REINFORCEMENT Over 2,000,000 sq. yds. 

MACHINE SHOPS, FOUNDRIES & OTHER INDUSTRIAL BUILDINGS— 

Fabricated and Erected all over the country Many Hundred 

Wc played a ma|or pan In the construction of REINFORCED CAISSONS for MULBERRY HARBOUR; 
also In the recovery and transportation of essential plant from bombed works and wharves to new sites. 


-k Plant; Machinery & Industrial Equipment Supplied : 

RECONDITIONED & SECONDHAND MACHINERY 

Electrical Plant, Power Plant, Boilers, Colliery and Mining Plant, Sheet-Metal Tens of Thousands 
Machinery. Contractors’ Plant, Plastic Moulding & Rubber Machinery, etc., etc. of Machines 

RAILS & STEEL SECTIONS 60,000 Tons 

NEW ENGINEERS’ & CONTRACTORS’ TOOLS, etc. - - More than a Million 

NEW MACHINE TOOLS - - - - - - - - - - 12,800 

Wc acted as Sole Agents to the MINISTRY OF' SUPPLY- (Machine Tool Control) for USED MACHINE TOOLS 
Our FLEET of CONTRACTORS’ PLANT, comprising over 1,000 Excavators, Bulldoiers, Cranes, 
Concrete Mixers, etc., has been kept working to capacity. 


kr Raw Materials Supplied : 

FERROUS SCRAP for the IRON & STEEL INDUSTRIES & NON-FERROUS SCRAP 
for the FOUNDRIES and ROLLING MILLS, etc. — including that resulting from 
the demolition and dismantling of Obsolete Industrial Plants and Structures, the Crystal Hundreds of 
Palace Towers, Gasholders, Old Guns. Limbers and Tanks, Damaged Premises, etc. Thousands of Tons 
TIN-COATED SCRAP and OLD TINS DETINNED _ _ - _ -Over 100,000 Tons 

TIN from DE-TINNING over 1,000 Tons 



INHRKAIIONAl WOOL PUBLICITY AND RESEARCH SECRETARIAT 



An organization for furthering all wool interests. With Head Office 
in London its activities, which necessarily were severely curtailed 
during the war, extend to all countries where wool is produced, 
manufactured or sold. Established in 1937 it is financed by the 
woolgrowers of Australia, New Zealand and South Africa. 





The Secretariat finances scientific research into the textile pro- 
perties of wool at various research centres of world repute. It 
makes economic investigations of all phases of the wool industry. 
Through various publicity channels it provides the consuming 
public with true facts about the textile qualities of wool fabrics. 
More generally it acts as a liaison office for all who have the 
interests of wool at heart. 


SCIENTIFIC 

AND 

ECONOMIC 

RESEARCH 


Despite the hampering effects of the war, knowledge of the chemical 
and physical properties of wool has been greatly advanced by the 
research work financed by the Secretariat. The increasingly greater 
understanding and control of the textile properties of wool 
promises a wider diversity than ever of attractive wool fabrics 
with exceptional qualities. 

Closely linked with scientific research and publicity, is the economic 
service of the Secretariat. It holds a watching brief on all wool 
trade matters, and is constantly exploring new markets for wool. 
It publishes a fortnightly digest of wool news. 


PURLICITY 

AND 

CONSUMER 

EDUCATION 


The Secretariat’s publicity activities include Press and poster 
advertising, news and photographic service to the Press, exhibi- 
tions, fashion parades and window displays. Courses of lectures 
on wool are arranged at schools, universities and technical 
colleges, supported by illustrated books and charts. Trained 
speakers from the Dominions are available to talk to adult, 
audiences of every type. The extensive wool fabric library is 
available for inspection at the headquarters of this section, 
22, Bruton Street, London, W.i — where expert staff are always 
in attendance to give advice and help. There are also branch 
offices in Paris and New York. 





International Wool Secretariat 


is telling the story of 


WOOL 



all over the world • • o 


T/!>e Secretariat is there to assist all who produce or use wool. A-ddress all enquiries to : 

THE SECRETARY, INTERNATIONAL WOOL SECRETARIAT, GRAND RUILDINGS, TRAFALGAR SO., LONDON, W.C.2 





When the British army of liberation made its historic invasion landings on the beaches of Nor- 
mandy, the assault boats were guided by tlie Decca Navigator. The minesweepers that swept 
a safe passage for them to pass through also carried this revolutionary new British instrument 
that continuously indicates by dial readings the geographical position of a ship or ’plane, and 
makes 'unnecessary either the services of a skilled operator or instruments for calculation and 
computation. 



The Decca Navigator is a light, compact radio receiver .that picks up synchronised^signals from 
land transmitting stations that set up in the ether a fixed pattern of an infinite number of inter- 
secting lines that are superimposed or printed upon a standard chart or map. The accuracy 
of this instrument is unimpaired by weather, currents or altitude. The Decca Navigator now 
makes peacetime sea and air travel quicker and safer for large transport and private ’planes, 
ocean liners, trawlers and private yachts. 

The Decca Navigator Cotnpang^ Limited 

1—3 bRIXTON ROAD LONDON S.W. 9 TELEPHONE: RELIANCE 3311 
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